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ERdR rane '“ of the following report deviate* in some points froa its 
oiigmal ^lan . ;;:‘ovea necessary because neither a report of personal ex- 

periences norv any published material could be obtained on some of the undoubt- 
edly important topics included in the first draft. 


In .us essential points, however, the original outline for the arranye- 
r eut of nxe re pore has been followed. The literature listed under Section IV 
ix> arrange a according to the year of publication. Within the individual veari 
no special subdivisions have been made. Where literature listed in the index 
entheels. ’ Responding Ru • *>.. ■ b.w. included in the text in par- 
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A • A Short Description of the Status in the Year 1945 . 

1 • Treatises on General Gyroscope Theory . 

After the various treatises by 3. V. KOVALEVSKA/A on general 
gyroscope theory, i.e., on that part of analytical mechanics which treats the 
examination of the turns made by a rigid body around a fixed point, a large 
number of writings on this subject appeared in Russia during the years from 
1890 to 1910. A few of the authors who contributed to this research work are 
as follows? V. A. STEKKOtfW, P f A* NEKRASOV/, Gy K* 3USLOV;-, N. E. ZJKJK0V3KI# 

G. G. APPELR0T , A, M* LIAPUNOV, P. A. SLULSKIX B. K« S&ODZEyKVSKEf D. K» BOBY- 
LEV, P. V. VORONEZH D. IU GOiryAOriEy * G. V, KOLOS 0*7, P. A. 2IIIF , and S. A* 
CHAPLYGIN. These have in part occupied themselves with this problem through 
decades and have brought forth many publications. Some of the, results of this 
research work have meanwhile come to be included in the stock of the classic 
gyroscope theory as, for instance, the "BOBYLEV- |TE!KL0V Gyroscope”, in which 
the moment of inertia around the principal axis., on which the center of gravity 
of the system rests, is twice as large as one of the other two principal moments 
of inertia, or the "GORYACHEV? ~ CHAPLYGIN Gyroscope", which represents a cer- 
tain specialising of the H K6VALEV3Kto3Gyro3Cope M . Also remarkable is an analogy 
discovered by *VfUK0YSK IV between the equations of motion of an asymmetrical gyro- 
scope and the equations of a vertically placed wire of oval cross-section, whose 
upper end is acted upon by a force and a moment. In addition to the contribu- 
tions to research of 3. V. K0VALEV3KA/A, another group of works must be included 
which, in part, follow those of POINCARE and LYAPUNOV , and which deal with the 
action of gyroscopes which are filled with liquid inside or which move in li- 
quid. In addition to LfAPUNOV, there must be added to this group, S. A. CHA- 
PLYGIN, V. A. STEKL0W , G. V. KOLOSOV and ,H. K. XURENSKIy. A good survey of thes< 
works of the best authors on Russian mechanics is to be found in the book by 
GER0NIMUS (Section IV - Literature Index - No. 40 )r and also in the textbooks by 
BUSLOV (Section IV- Literature Index - No. 24) and IIEKRASPW (Section IV- Lit- 
erature Index - No. 19)* 

2. Treatises on Applied Gyroscope Theory . 

The first Russian scientist who occupied himself with the 
question of applied gyroscopic movement was probably A. N. KRYL0.V* Having early 
in his career examined the effect of gyroscopic force on the course of a rotat- 
ing projectile, as well as on the action of elastic waves (a problem of the crit- 
ical "number of revolutions" and of balancing), he later occupied hini3elf inten- 
sively with the question the gyro-compass. His textbook on gyroscope theory 
which he published jointly' with A, KRUTKGV (Section IV- No. l) in 1932 is the 
first book of its kind in Russia. 


As founders of the theoretical basis of ’Russian construction 
of gyroscopic equipment are to be regarded: 1). G. T0PELBERT, A. N„ KRYLOV, 

E. L. NIKOLAY and, above all, B* _V. BULGAKOV. E« L. NIKOLA? , who was a pro- 
fessor of mechanics in LENINGRAD, enlarged on some of the research done by 
KRYLOV, A small monograph by him must especially he mentioned (Section IV, No. 
18), in which he examines fundamental- question!., on the use of cardan suspensions 
for gyroscopes, and thereby call3 attention to the important matter of friction 
around the individual axle bearings. Among other things he deserves merit for 
his books (-Section IV, No. 28 and 3l), which were published later and which 
served to popularize the gyroscope theory. 


NOTE: THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE ACT. 50 U. S. C - 
31 AND 32: AS AMENDED. ITS TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY LAW. 
IT MAY NOT BE REPRODUCED IN WHOLE OR IN PART. BY OTHER THAN UNITED STATES AIR FORCE AGENCIES. EXCEPT BY PERMISSION OF THE DIRECTOR OF 
INTELLIGENCE. USAF. 

SE CR ET 

(CLASSIFICATION) IG— 0f.57£)-l V. s government printing office 


Sanitized Copy Approved for Release 2010/10/25 : CIA-RDP81-01043R000400140008-0 





Sanitized Copy Approved for Release 2010/10/25 : CIA-RDP81-01043R000400140008-0 


AF FORM 112-PART I! 

APPROVED 1 JUNE 1948 


Attiehment A 


AIR INTELLIGENCE INFORMATION REPORT 


OF \Q PAGES 


In addition to .some specialized treatises, the contributions 
of B. V. BULGAKOV include, above all, hie textbook on "Applied Gyroscope Theory", 
Whereas KRYLOV limited himself chiefly to the problems of maritime technique 
(gyro compass and "Schlingerkreisel"), BULGAKOV treated the gyroscope theory 
from a more general angle, so that it could serve to examine the gyroscopic 
equipment used in aviation, which meanwhile had become known. 

3 * Treatises on the Theory of Individual Gyroscope Equipment . 

KRYLOV , KUDRBVICH and BULGAKOV occupies themselves with the 
theory on the gyro compass. This, theory had been examined in such detail that, 
in conjunction 'with work done orr this subject abroad, a fairly complete theory 
had matured by 1945* After TOPEI.BftRT (Section IV - No. 99 ), it was the achieve- 
ment Of KUMFVICH that the practical application of the theory as well as the 
equipment ''itself were introduced into the Soviet Wavy. 


On the theory of the "Schlingerkreisel " , examinations made by 
KRYLOV exist. Ee also tried to put his discoveries into practice. In his life's 
story he writes? "If the Ministry in Moscow had not refused to grant the 50,000 
rubles which I would have needed to construct and to test a "Schlingerkreisel" 
on the yacht "Strela" , we would now be in the lead in this matter and ahead of 
Sperry." Among the gyroscopic equipment for aviation, the horizontal gyroscope 
above all has been, made the subject of theoretical research by various authors, 
including BULGAKOV (Section IV - Bps. 2 and 4 ), Sill PANOV and LEW ENT AL (Sec- 
tion IV - Nos. 5 and 9)-* A paper by FRIEDLXNJDER treats the question of cardanic 
flaws in the directional gyroscope. Two publications (Lection IV - N 03 ., 3 and 
6 ) deal with the use of gyroscopic equipment for autopilots. From as much of 
this research as could be seen into, it was ascertained that it probably did not 
reach the status of the theory on this equipment which has been achieved, for 
example, in Germany (1945)* 


In summing up, it may be stated that by 1945 many papers on 
general gyroscope theory were at hand, some of which represented superior work, 
so that a certain degree of completeness already had been achieved in this field. 
Regarding applied gyroscope theory, research was still in an early stage; be- 
sides, the valuable treatises of BULGAK0VV, some definitely inferior publications 
are to be found (for instance by GHIPANOT - Section IV - No. 5 ). What was pub- 
lished on gyroscope theory up to 1945 did not go beyond certain beginnings. In 
part, however, this may be due to the reservation observed during the war, spe- 
cifically with regard to publications. 

3 . Survey of Treatises Which Appeared After 1945 . 

I. Treatises on General Gyroscope Theory. 


As analytical mechanics are strongly furthered in the Eoviet 
Union, it is not surprising that of late, also, numerous publications on the 
theory j>f general gyroscopic motions have appeared. In addition to the sum- 
marized presentation of the known standard results, for instance in Section; IV, 
Nos. 24, 43 , 44 and 48 , we also find the attempt to verify the standard results 
with the aid of modern mathematics. The book by V. y, GOLU.B0W' (Section IV - 
No, 53) deals chiefly with the KOWALEWSK&y&se of gyroscope motion. 

Some individual works of research are to be named which tie 
in with and, in part, enlarge on standard results. They are? (a) examinations 
made by KUSlilN (Section IV - No. 50)» who by means of a special attachment for 
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the gravity moment succeeded in treating the 3TEKL0V gyroscope with JACOBI 1 s 
elliptical functions; (b) the work of SRKTENSKr/(Section IV, No. 59), who ex- 
amined the movement of the GORIACHEV - CilAPLfGIN gyroscope for eventual spe- 
cial cases in which a great initial impulse exists arouna the main inertial 
axis which passes through the center of gravity. By this procedure, he at- 
tained an ana logon to the pseudo-regular preosfc&ion of the LaGrange gyroscope, 
(c) Research by MEKEALOV (Section IV - ho. 27) on the KGVALEV'SKi gyroscope. 
MERBALOV did not limit himself to theory but carried out practical experiments, 
photographing the movement of the gyro axis- It is an interesting fact that he 
thereby saw certain possibilities for the practical use of the KOWALEWSKIRgy- 
roscope. The fact that the movements of the KOtylALEl/SKI gyroscope are not per- 
iodic is the very thing which might prove favorable for some use3, for instance 
for sliding (in Germans "beim Schleifen” ) j (d) CHETA/EV (Section IV - No. 62 
gives a new derivation of the stability requirement of the LaGrange gyroscope 
when the direct method is used, whereas (e) RUMlANljE]? (Section IV - No. 65 ) used 
the same procedure with the derivation of the stability requirement for the 
KOWA LEV3Kr/ J gyr o s c 0 p e . 


Regarding the theory of 
three treatises became well established 
67 ) tie in with the standard classical 
point of the movement of a gyroscope in 
'/AIT2EW does not limit himself thereby t 
fixed point; but also takes stationary 
paper by 1(03 HL^AKOW (Section IV - No* 
of answers to practical' questions posed 
in a non-ideal liquid, making certain a 
the liquid produces on the gyroscope, 
rigid solutions to the Euler-equations . 


the movement of a gyroscope in liquid, 

. Two of them (Section IV - Nos. 66 and 
cases and examine special problems in 
an ideal, incompressible liquid. RUM-' 
0 the examination of rotations around a 
screw movements into consideration. A 
56) may have been primarily the result 
. Re examines the action of gyroscopes 
3 sumptions regarding the moments which 
In special cases, one can even obtain 


RUMfAMft? also occupied himself with a further problem - the 
action of a gyroscope having hollow spaces filled with liquid (section IV - 
Nos. 64 and 65 ). Enlarging upon the results obtained by -iitJKOWSKlX he now ahso 
takes into consideration a free surface for the liquid for the otherwise assume' 
ideal and incompressible fluid located within the hollow spaces. The author 
contents himself with the setting up of equations of motion and with some re- 
lated, general remarks on possible first integrals of these equations. Solu- 
tions or attempts at solutions are not given. 

2. Treatises on Applied Gyroscope Theory* 


':X- 


Alien one considers the flood of new books which hsve appeared 
in the years since the war ( 1945 ) > it is astonishing that no book on applied 
gyroscope theory has been published which even approaches the earlier books of 
KRYLOW and BULGAKOV. Only a monograph by OKUMSf (Section IV - No. 45) can be 
named, which is long, but, in point of subject matter very -narrowly limited. 
Obviously it began as research in ballistics, although this is not exactly 
stated anywhere. However, the presentation of the problems and also the exam- 
ination methods are completely adjusted to gyroscopic problems as they appear 
in the field of ballistics. Thus the small oscillations of symmetrical gyro- 
scopes are examined in detail when damping couples of various types appear (ax- 
ial or equatorial, or both simultaneously) , and much care is spent in discussing 
the trajectory of the gyroscope tip (projectile tip) under various starting con- 
ditions. A more generalized treatise by FRIEDLANDER (Section IV - No, 52) is 
neither especially significant nor convincing in the manner of its execution. 
Regarding the so-called pseudo-regular precision, he attempts to compute not 
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only the shape of the curve (as function of time) of the position of one of 
the main inertial axes, but also the non-visible instantaneous axis of rota- 
tion and the likewise non-visible impulse axis . 

Some studies dealing with the question of the effect of 
cardanic bearings on the behavior of a gyroscope has proved to be of value 
for the theory on gyroscopic devices. The first to be named in this connec- 
tion is NIKOLAI who, in supplementation of an earlier monograph (Section IV - 
No. 18), in his textbook on gyroscope theory (Section IV - No. pi), also de- 
rives the motion equations for gyroscopes with cardanic hearings, without 
neglecting the mass of the cardan rings. Application of these equations, 
however, are not made. In the same book, NIKOLA^ names expedients which can 
be used in connection with a theory on gyroscopic devices in mobile reference 
systems, by deriving the general equations for the motion of a gyroscope in 
reference systems, with motion according ’ to choice, (generalized Euler equa- 
tions). In addition, research work was done by SLQM$'ANSKI/'-(Section IV - No. 

58) on symmetric gyroscopes with cardanic bearings. He dispensed with a lin- 
earization of the motion equation, but nevertheless neglected the masses of 
the cardan rings. In this manner he examined, above all, the regular pre- 
cision, as dependent upon the current reciprocal position of the two cardan 
rings. 

A treatise by METELi6n (Section IV - No. 5l)> short but 
rich in content, is of great significance for the theory and outlining of 
gyroscopic systems. Here the author succeeds in clarifying the influence of 
the various types of power which are effective in a dynamic system (dis- 
sipative, gyroscopic, conservative and actually inconservative powers) on the 
stability requirements. In this manner, he arrives at some very general state- 
ments on the possibility or impossibility of stabilizing dynamic systems by 
the addition of gyroscopes. It will be possible to put these statements to 
very good use, especially in designing complicated gyroscope systems. 

New viewpoints on the problem of acceleration-free adjust- 
ment of gyroscopic devices were brought to light by a brief examination made 
by TKAi£HEV. Whereas previously the 84-minute principle had been limited to 
only such devices in which the gyroscope in some way was subject to gravita- 
tional anchorage, thus representing a kind of gyroscopic pendulum, TKAjCHE^ m 
now showed that systems without gravitational anchorage also possess a natural 
oscillation duration of 84 minutes in cases of acceleration-free adjustment 
(German: "Abstimmung" ) , The paper does not treat the practical application 

of this discovery. 

3 • Treatises on the Theory of Individual Gyroscope Equipment . 

Of the many books which deal either entirely or in part with 
gyroscopic devices and their related theories, unfortunately only two were 
available : PAVLOV (Section IV - No 22) and TOPELBERT (Section IV - No. 39). 

On the point of gyroscope theory j these two books offer only certain elementary 
basic information. Of greater importance, on the other hand, are two other 
books which were available in the Soviet Union. S0L0WJV (Section IV - No. 33) 
does not offer anything new on the theory either, but because of the large a- 
raount of material he has gathered, and because of the data on Soviet devices, 
his book is very valuable. KOSLOVf (Section IV - No. 37) has explained in de- 
tail the question of the support of gyroscopic horizons and of directional 
gyres and thereto tenders a theory not previously found in such detail. It is 
unfortunate that the comprehensive report of ROTTEN BERG (Section IV - Ho. 42) 
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was not available, as this would probably be of the greatest importance in 
the judging these gyroscopes. The newer book by PAVLOV (Section IV - No. 

60 ) also could be very informative, although it is to be expected that it3 
significance will be more in the practical realm. 

TOPELBERT (Section IV - No. y : j) treats the theory of the 
gyro-compass in detail in his book of about 100 pages. The author himself 
adds nothing new to this topic, but uses the numerous papers previously writ- 
ten on this topic by KRYLOV and BULGAKOV as a base. It is striking that in 
all Russian compass theories there is a pred&liction for those questions which 
| deal with the 84-minute-set ting ( “Abst immung" ) . The most interesting paper on 
the subject of the gyro compass is undoubtedly an early publication of BUL- 
GAKOV (Section IV - No. 14 ) in which, with the aid of an operator’s method, 
the most dangerous maneuver for the course indication of a ship and the ac- 
companying acceleration error of the compass indicator is computed. 

The theory of the artificial horizon , the development of 
which already had been well advanced by the research of BULGAKOV (Section IV - 
Nos. 2 , 4 and 0) has been given relatively little attention since 1945* KOSUL* 
tfAKOV (Section IV - No. 4l) examines the indication errors of an artificial ho- 
rizon for cases in which the rotation speed of the rotor is subject to certain 
changes, whereby either momentary slight changes of the otherwise constant num- 
ber of rotations or slight periodic variations are assumed. In both cases, he 
comes to the conclusion that the influence of the variation in the number of ro- 
tations on the indicator may be overlooked, provided that the variations them- 
selves remain slight. In a later work (Section IV - No, 56 ) ? he again takes 
up the same problem; he computes the indicator error for the case that the gy- 
roscope drive is suddenly completely cut off. For some arbitrarily assumed 
time functions of the rotation speed course, he finds corresponding damped 
"error motions" ( "Fehlbewegungeri*) of the gyroscope axis. 

Research done by DANILIN (Section IV - No. 46 ) represents a 

very interesting case. The writer already had been able to examine this work 

in the Soviet Union and had ascertained that, in part, it had been copied ver- 
batim from a paper which had been published nine years previously in the German 
periodical "Luf tf ahrtf orschung" (Vol, 19, 194Q> pages 2-5—43 ) » and that t.he il- 
lustrations, in part, simply had been taken over as they were. The original 
German work, however, had not been cited. A letter of complaint to the editor 
of the periodical "Automatika i Telernekhanika" , accompanied by a special print 
of the German article as proof, was never answered. Some years later it was 
ascertained by chance, that the work of DANILIN was not included in part, of 
the edition, although the title and the numbers of the pages were included in 
the index of? all the issues for that year. 

On the theory of the turn indicator, there is knowledge of 

only one paper, by PALPOR (Section IV - No, 25 ) which, unfortunately, was not 

available . 

An -interesting new type of gyroscopic device has been cal- 
culated by (rHOEHLC-V (Section IV - No. 29 ). He calls it gyroscope-magnet and 
tries thereby to establish a direct connection between an astatic gyroscope 
and a magnetic needle, in contrast to the usual connection of the two pieces * 
of equipment by means of a slowly functioning correction mechanism ("Korrek- 
tureinrichtung" ) , Interesting though these examinations are, they are too 
theoretical to be put into practice. Although it is possible to solve the 
motion equations of the system by making use of some daring aids, yet the re- 
sul t can scarcely be used in a practical sense. The period of oscillation of 
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the equipment, for instance, should be adjusted at the equator to 12 hours ( ! 
and, at a latitude of 60° to even double that value, 

Tyjo papers deal with problems of gyroscopic stabilization: 

R GUTENBERG (Section IV - Ko. j50) examines the self-exciting oscillations of 
a stabilized platform r/hose motions are measured by a gyroscope and influenced 
by a supporting motor. Because of a certain insensitive zone and a black-white 
characteristic of the steering potentiometer of the gyroscope, stationary self- 
oscillations are possible, whose frequency, amplitude and stability are com- 
puted. From the figures given in the example shown, it is easy to gather that 
the purpose of this research is to clarify the behavior of heavy, stabilized 
platforms (artillery on ships ?). In this v/erk, incidentally, attention is di- 
rected to a not yet published work by A, I, LIJRE , which also deals with the 
behavior or a gyroscope equipped with a support mechanism. 

BAUTIIT (Section IV - No. .36), in his interesting monograph, 
also treats of gyroscopic stabilization: a none -rail train end also a gyro- 
stabilized ship. The two problems are similar, differing from each other only 
in that, in the case of the mono-rail train, the center of gravity of the gy- 
roscopic system lies over the lowest point of sur;port, .whereas in the case of 
the marine stabilizer it' must lie under it. BAUTIN searches for the limit of 
stability end comes to the conclusion that in the case of the marine stabilizer 
the limit of stability is always safe, whereas in the case of the single-track 
train dangerous limits of stability may occur. 


DEVELOPMENT AND PRODUCTION * 


The number cf descriptive publications is slight compared with the number 
of the works on theory hitherto discussed. Hence, few treatises are available 
on the basis of which to judge the practical problems of production and devel- 
opment of gyroscopic equipment. Most of these Eire found in books which were 
published a few years after the end of the war, and therefore probably repre- 
sent the status toward the end of the war . (1945)- It would be well to keep 

this in mini in judging the following presentations. 

A. Gyroscope Equipment. 


1. Directional Gyroscopes . " 

The first directional gyros used i*n the Soviet Union came from 
firms abroad (principally Sperry-Askania and Siemens). At first, this equip- 
ment was put to use just us it came; later, efforts were made to improve on 
the precision of the equipment by means of more refined regulating in point 
of standard values. This proved to be especially necessary during flights in 
arctic regions. In the book of SPIRIU (Section IV - No. ll), there is a no- 
tation on this subject. However, it is not possible to ascertain from this 
quotation what details comprised this regulating or vrhat. results were achieved. 


Beginning with the year 1934 > the construction of the foreign 
equipment was at first copied exactly. Later changes were made in individual 
parts. Illustration No. 1 ($*■£ VR-' ; -v>, ? / is a view of one 

of the first directional gyros built in the Boviet Union (after OLMfjN - Section 
IV - No. 23). The support here is pneumatic over a rough spherical calotte, 
against which single air jets, are blown. The air jets are steered by a mag- 


netic telocompass * The correction speed equals 6-0 per minute. When curves 
are to be flown with this equipment a precession speed of 50 - 60 ° per minute is 
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attained by blowing with a strong air jet. Thus, while the curve is being 
flown, the gyros cc/pe retains its axial direction relative to the curve-f lying 
aircraft. An aircraft steered with this directional gyro is said to hold its 
course with - 2 U precision. 


In later types of autopilots, there was a changeover to the 
Sperry constructions, which were of proved quality, or to copies of the Sperry 
constructions by Askania. Whereas changes were made in the steering gear, for 
instance in the steering engines, in order to adjust the permissible temperature 
range of the autopilot to the conditions prevalent in the Soviet Union (-50 0 

to 60°C), the directional gyro in the autopilot CTJ\ — 4 and AB IT -12 has been 
left unchanged. In the autopilot, ATT-— 42, however, which ^is more highly de- 
veloped, a change has been made in the locking device no is ahovm in Illustra- 
tion 2 (see original German t* In place of the formerly used azi- 

muthal cog wheel into which, in order to pre-set the course, an adjustable pin- 
ion could be inserted, a construction now has been chosen which obviously has 
been borrowed from the Siemens directional gyro. A disc, 2, which is movable in 
an up and down direction, has a circle of holes at its periphery into which two 
small pins can catch, which are not visible on the illustration. The mechanism 
simultaneously makes pre-setting and locking possible as the disc. 2 , when it 
rises, takes the catch ("Arretierhebel') with it, which, in its final position, 
firmly holds the inner cardan ring in such a way that the gyroscope axis as- 
sumes a horizontal position. The support mechanism also has been changed. In 
place of the pneumatic support, a magnetic support is being used, which also 
has been taken over from the Siemens construction. The inner cardan frame bears 
two small permanent magnets, one of which Qt) is visible in Illustration No. 2. 

In the upper part of the casing (illustra- 
tion No. 5 - hbi p '-'d> there is a coil which, if the gyro 

axis deviates from t‘he correct" value ( 'Viol lwert " ) , is changed by a current, and, 
in this manner, effects a correction moment on the gyroscope. At the time the 
book v/ as being written (Section IV - No. 23), 'this equipment represented the 
most modern Soviet directional gyro which was being used in autopilots. 


In addition, efforts were made in other places for the fur- 
ther development of the directional gyro. This can be seen from a table con- 
tained in the book by FAVLQV (Section IV - No. 22) which, significantly, is 
not accompanied by any text. 

In addition to the directional gyro by AHSCHUETZ and the 
"static compass" of the firm of BROWN , three pieces of equipment are presented 
here which, presumably , are of Soviet origin, or at least were copied in the 
Soviet Union. They are characterized by the following data: 



Accuracy 

No. of 
Rotations 

Impulse 

Frictional 
(g cm) 

Moment 


Deg/hour 

l/min 

(g cm sec) 

Horizontal 

Vertical 

Simple direc- 
tional gyro 
of low capa- 
city 

10 - 15 ° 

18,000 

9021 

1*82 

4-0. 

Directional 
precision 
gyros cope 

ro 

o 

18,000 

129,096 

5~6 

7 8 
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Accuracy 

■Deg/Hour 


No. of 

Rotations 

l/rnin 


Frictional Moment 

Impulse (z cm) 

(i? Gia soc) Horizontal | Vertical 


Modernised direc- 
tional gyroscope 
of low capacity 


10,000 


12,252 I 12 


is easy to acosrtaiT thatRhe'tl^^ 1 i0p “ lse ^ nuffiber of rotation*., it 

to the type which has the dimensions Munl^n Aviation '^Th C ^ oit f’ b8lon S 
cision gyroscope" however i - . aviation. Ihe directional pre- 

3 ki logins. P ’ ^ ^considerably larger; its rotor possibly weighs 


- * Io£izoiLta l and Vertic al Gyr oscopes . 


, . Illustration No. 4 (see i ; .. - , 

a diagram of one of the fircst v^>.. i i • 1 ' snows 

At this stage it does not ns yet f^cUon'^^rhorRof^R" R" t,nion - 

quipment, but v/orks jointly with the q nfl hi ° ‘ horizon indicating piece of e- - 
matic longitudinal s^biuLuon th * aUt °- 

through the Venturi tube over the ni»«, + -n + , * lhe ^ rosco P Q la steered 

renders an oscillation-fre^ direction indf e pne ^ 11 G support mechanism and 
itudinal motion. IllustraRon To.TCe ft?*™ • f * ^ ?***«* ° f «>* leng- 
ths construction process of the gyroscope. ’ r '§'- 3how3 


dependent equip^n^S^L’t^Ut^ 1 ^** 8 (T ^ CT f.'^ into in- 

tration Ho. 6 (see a S ° f tW ° P ! nduluQS ‘ Illu - 

iods Z (»Reine ESenschwingungsoeifen") 3h ° rt , natural eMUlation^er- 

s&sst.'Xjk sr- 

s“.: “»?• s Sfurss. 

the "Scbeinlot'( (imaginary reference)! pl " oedo vertlca Hy in the direction of 


to reference book 2 /{Section^ of ^his^eport ) ^the^oR ^ ’ aocordin « 

horizon which, remarkably / re P° r ‘/i the most modern one, has a 

horizon. (See Illustration Ho. ‘ 7 - a “ r^A the *eU ; kn.ovrn Sperry 

Sperry, the axis of the outer cardan TwT™.' i'TV" J ' Unlike the 

longitudinal axis of the aircraft but i? e - +?* R e ln the d irection of the 
makes for a simpler indioTtlon ff’tbf * “RRf to Although this 

degrees of freedom ("Freiheitsgr-de") ^° n ® atu<iiaal and lateral reference, the 
what less favorably distributed * Thlv the ® t ' lU1 P iaent < ^'E consequently some- 
inclination, and fo^ the +8 ° ‘ 55 f ° r the longitudinal - 

gyroscope axis is not stabilized exactly Rt the 1 *?”! 8 - 18 3 ° installe<1 that the 
plane, but is stabilized somewhat inHiLi • , , lm ^ slnar y vertical reference 

differences, as compand ^ Sperry horizon Furth - 

port pendulum and in the type of the "pickoff”’ Ihllh t* ^ ° f the 3up ~ 

sliding in a groove. The mechmlR-n i 0 P . . . 1 ^ lch ilere is done- -by a pin 
temperature range of ~3S°C to 4-6n°P ated to -be capable of working in a 

curacy of the efuionent * 60 C * Ho nation is made of the indication &6-' 
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Independently of these horizons used in the automatic radio 
compasses, another horizon .was' designed by BULGAKO^ and R GUTENBERG (see Sec- 
tion IV - No. 34 ) 9 to which the treatise by TKACHEV (Section IV - No. 38) 
also refers. No details on this horizon are known as the original paper was 
not available. Nor is it possible to ascertain whether the equipment was 
tested, or whether it was constructed in quantity. In the available papers, 
nothing is said on vertical horizons. The only work, the title of which refers] 
to them (see Section IV - No. 26 - RO/TENBERG), could not be obtained. 


3 . 


Turn Indicator and Accelerometer. 


In the autopilots used in the Soviet Union, no turn indica- 
tors or accelerometers were used at least until 1946. The book (Section IV - 
No. 23) contains only a short description of the turn indicators used in the 
German autopilots by Askania and Siemens, and a likewise short description of 
the "Vorhaltkreisel” (lead gyroscope) in Type LZ-14 of the Askania steering 
gear. Even in the otherwise very detailed book by PAVLOV (-Section IV - No. 22 )J 
gyroscopes for measuring rotational speed are mentioned only once, and at that 
very briefly. As, except for this, only a single publication on this topic can| 
be found (Section IV - No. 25), there is reason to assume that in the Soviet 
Union no importance w as attached to the turn indicator. 

4 • Me asuring Gy r o s . 

In one plo.ce, PAVLOV (Section IV - No. 22) mentions two 
gyroscopes U3ed for measuring. One has full cardanic bearings with three 
degress of freedom; the rotations of the outer cardan ring are measured, i.e,, 
recorded, with reference to the casing. Thus, according to the oketch, it is 
a case of a simple measuring mechanism for the angle of rotation. The second 
gyroscope has an elastic suspension of two degrees of freedom, in which the 
deflection of the gyroscope frame is proportionate to the rotational speed. 
PAVLOV, however, designates both mechanisms as ’'accellerographs" , i.e,, as 
accelerometers. 

5 • Stabilizing Gyros . 

Gyroscopic stabilization is publicized only in . literature per- 
taining to the Soviet Navy. In addition to the already mentioned research on 
ship gyroscopes by BAUTIN (Section IV - No. 36), the work done by ROTTEN BERG 
(gection IV - No. 30), which dealt with the stabilizing of larger platforms, 
should be mentioned above all. Obviously self-oscillations had been observed 
in such platforms, jand the research done by ROfTENBERG was to serve to clarify 
their theory. As can be gathered from the report, according to this system 
the outer cardan ring of a gyroscope is firmly connected with the platform to 
be stabilized. In case of interference for the platform by rotational moments, 
the gyroscope precedes around the axis. .of the inner cardan ring and thereby ac- 
tivates a contact system, i.e., a potentiometer. Thereby, over an amplifying 
device, a motor i3 switched on, which counteracts the interference moments. 

The weight of the stabilised platform lies between 0.5 and 1 ton (metric); the 
gyroscope weighs about 20 kilograms. The stabilizing motor has a rated current 
of 6 amp., and thereby supplies a stabilizing moment of 45 mkg. 

In his book, PAVLOV (Section IV - No. 22) describes an older 
construction of the stabilization gyroscope by ■SHILOV’SKI>, which is to serve 
for the stabilization of the target mechanism of ship artillery. In this case, 
the sighting telescope is firmly connected with- the gyroscopic axis. Dlrec- 

tional changes of tha tplc.gp.npp nn-n-r +-h*> offflnt rvP finrT-pc,pnn^n^ pT>PP.pg R inn 
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moments as caused by the observer. 

6. Other Gyroscopic Equipment . 

TOFELBERT (Section IV ~ No. 39) describes a gyroscopic sextant 
which was introduced into the Soviet Navy. On the sextant casing, there is a 
small gyroscopic horizon which, in principle, does not differ from the well- 
known construction of FLEURIAIS. The rotor weighs about 200 grams and its 
rotation amounts to about 10,000 rprn by being blown at by an air jet. In or- 
der to start it, the horizon with its casing is taken off the sextant and later 
put on again. The measuring itself is done when the gyroscope is decelerating. 
It should be^noted that the time available for measuring amounts to about 5 to 
6 minutes j after this time the rotation of the gyroscope has diminished to such 
an extent that the accuracy of the equipment no longer suffices. Oscillations 
of slight amplitude scarcely influence the using of the equipment because of 
the conical bearings selected for the gyroscope suspension. According to ex- 
perience, 120 seconds of self-oscillation result in the most exact indications 
and the least influence on the ship's movements. In calm weather, the accur- 
acy is given as from 2 to 5 "Bogenminuten" (curve or arc-minutes). 

TOPELBERT also makes statements on gyroscopic equipment for 
the direct indication of the geographic latitude. It is known that the gy- 
ration compass and the gyroscopic horizon both have indication flaws, which 
relate to the geographic latitude. Thus the geographic latitude could be de~ 
j ^ trained by measuring the flaw. A discussion of the measuring accuracies re- 
quired for this purpose, however, shows that usable results could scarcely be 
attained in this way. TOPELBERT therefore brings up a thought which refers 
back to FOUCAULD, according to which a gyroscope with two degrees of freedom 
executes undamped oscillations around the direction of the earth's rotational 
axis, . if it is allowed to participate in the earth's rotation in a suitable 
way. It is stressed, however, that the problem of constructing a piece of 
equipment on this principle, and usable for navigation is not yet solved. So 
far, the required accuracy for navigation has not been attainable. 

"gyro-magnet" mentioned in research done by KHOKHLOV 
(Section IV - No. 29), which is to serve to indicate the course and which 
pre-presents a new type of combination of directional gyro and magnetic need- 
le, has not yet been built, 

. 

SHLANDIN (Section IV - No. 47) mentions a "gyro-induction- v 
compass" which has 3 inductive leads which respond to the magnetic feel of 
the earth and are mounted on a gyroscopic casing in such a way that they lie 
in a horizontal plane. Thus oscillations of the lead are avoided and the so 
greatly feared "north turning error" can be considerably reduced. The accur- 
acy of the induction measuring is stated to be - 2°, Construction details on 
this gyroscope are not given. This gyro-induction-compass is also used in a 
combination equipment ("Auto Navigator"), by means of which, using the mea- 
sured quantity of the course, speed, wind direction and wind speed, the flight 
course is computed and immediately recorded on a card. 


B. Individual Parts 


roacopic Equ ipme n t . 


1 . Rotors . 

After a discussion of the construction details of various ex- 
clusively foreign rotors, PAVLOV (Section IT - No. 22) presents a table in 
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which he has compiled data on the characteristics of 14 rotors. In nine cases, 
the foreign firm which produced the rotor is stated (AN3CHUETZ, 3R0 wH , SPERRY ); 
in the other five cases, there is only a dash in the corresponding space and 
column, so that it may safely be assumed that these rotors are of Soviet ori- 
gin. Here are the data on these rotors: 


(ff) 


e 

(go msec) 


n 

(l/min) 


(mfS) 



66 


Symbols :: 


? . « weight of the rotor. 

$ 4 inertia moment around the axis of rotation 

n number of rotations 

The other characteristics are the geometrical measurements of ^ 
the rotors as shown in Illustration No. 8 . (See tu.. r -• : — ~7>- 

All five of the rotors given in the table belong to Type P ... ‘'’This indicates 
that it was planned to apply the lessons learned during the copying of the 
ANSCHUETZ-compass-ro tors to the construction of Soviet gyroscopes. 

No deviation took place from the basic construction of the 
rotor disc of equal rigidity on an elastic shaft, only, minimum changes in the 
size were undertaken. The weights and inertial moments are somewhat increased,] 
the number of rotations is somewhat less than in the ANSCrtUETZ equipment , the 
impulse is only slightly greater. It is interesting to note that now the same 
type of construction has been followed for the two smaller rotor types also 
(the two first ones in the table). Of the other rotor types noted in Illus- 
tration No. 8 , under symbols , no Soviet constructions have been 

mentioned. 

For use in gyro-compasses , two other rotors were constructed 
in the Soviet Union, whose form is shown in Illustration No. 9. (See y .. 

. - These rotors weigh 23 Kgs and 10 Kgs respectively; 

their outside diameters are and 150 • mm. Their RPM are 6,000 and 10,000. 

Their activation is through three-phase polyphase current of 45 -volt voltage* 
The low revolution rotors are made of manganese bronze and run in air under 
normal pressure; on the other hand, the faster rotors are made of steel and 
run in a vacuum (?). (NOTE: Question mark made by MAGNUS). Illustration No. 


10 (see o.- \:r 




: 0 


is a view of such a rotor in its casing. 


In addition to the alternating current rotors treated up to 
now, a small direct current rotor also has been developed by B. A. TALALAI in 
the Central Aero- and Hydro -dynamic Institute 'TsAGI. However, nothing is 
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known about it in detail. The only nention made (Section IV - Ho. 23) is that 
serious difficulties occur because the mechanism includes a collector. 

The pneumatically-driven- rotors are obviously only copies of 
the well-known constructions of Sperry or Askania. There are both types of 
equipment, those which work at high pressure and those driven by low pressure. 

For the drive itself, two variants are employed. In the one, the propulsion 
nozzle is mounted inside the gyroscope casing, i.e., in the inner cardan ring 
(for instance, in gyroscope horizons ) ; in the second case, the propulsion noz- 
zles are connected with the outer ring (as in the directional gyro). 

2 . Bearings ■ 

PAVLOV (Section IV - He. 22) covers about 40 pages in treat- 
ing the question of rotor bearings in detail. Hot only are data given about 
the requirements of rotor bearings during various motions of the casing, but 
also details for conducting calculations for the bearings. Among other things, 
many numerical values of Soviet constructions are given. Illustration Ho. 11 
(see -uv. ni. . 2 < shews the four main types of bearings chiefly 

used in the Soviet Union. Type A chows the bearings put out bv the firm 
"NORMA” which are usually used in the Sperry mechanisms. In copying these me- 
chanisms, bearings of Type were used in place of those oi the "NORM" Com- 
pany, which differ from Type A mainly only in the form of the bearing sur- 
faces at the tip. According to No. 2 }, Section IV, bearings of Type U 
being very frequently used of late. Type ha 3 the advantage, in ^ that 
bearings of this type can be obtained in series from the ball bearing lactories. 
These ball bearings , also called "magnet bearings", have been included in the 
norms and are manufactured by the factory r IT 3 under ^umberss 6006, 6008, 
and 6 OIO. The l,ast digits of the c-ta.u •(“Kennsahlen”) indicate 

the inner diameter in millimeters. The outer diameters of the bearings are a, 

24 and 28 mm, respectively. The axial play is indicated to amount to a value 
of .005 mm. The friction values of the bearing race lie between 5 a nd 8 g cm. 

The quality of bearings is generally measured on the basis of the time required 
for starting and stopping the motion. The statements made on this subject by 
PAVLOV in hi 3 book fail in this respect, since he does -not separate bearing 
friction values from those of air friction. 

The reference book (Section IV - No. 55) contains very detaiial 
information on all types of Soviet ball bearings. The various types of ball- 
-bearings for all purposes are listed here, using the Soviet norms and giving 
all data. 

As the question of bearing-friction in the cardan bearings ^of 
gyx'osccpic equipment is of decisive importance for indicator-accuracy , PAVnOV 
(Section IV - No. 25 ) treats it in considerable detail* Although he analyses 
the ’various types of bearings in foreign equipment, his descriptions do not 
show which of the types of bearings discussed are being used in the Soviet Union. 
One learns only that in some of the mechanisms for autopilots (automatic radio 
compass), ball-less conical bearings also were used, but that these did not 
prove satisfactory because of the high demands made on the contact surfaces. 
Oscillatory bearings ("Schwinglager") of domestic construction are not men- 
tioned at all in Soviet writings. The fact, however, that foreign construc- 
tions of this type are discussed in great detail, leads to the conclusion that 
this type of bearing has been tested and possibly even constructed in the Soviet 
Union. These suppositions are supported by two things? first , KRASOVSKI y (Sec- 
tion IV - No. 35) in a publication brings a theory on oscillating bearings and 

1========== 
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thereby expressly points to their use in the construction of gyroscopic equip- 
ment. He also gives the results of experiments. Secondly, the construction 
of a special ball bearing became known, having three rings and two bearing 
races (Section IV - Ho. 33) > which is especially planned for the construction 
of low friction oscillatory bearings ( "Schwinglagerungen" ). 

Hone of the available publications contained anything on the 
very timely questions of pneumatic, hydraulic, electrical, magnetic or electro- 
magnetic bearings of gyroscope systems. However, TOPELBERT does mention the 
problems whioh arise in the suspension of compass systems. In the Russian gyro- 
compasses, a thread suspension has been used to relieve the supporting ball 
bearings, by which the weight of the system is taken up. The ball bearings 
then function only as guide bearings ("Fuehrungslager" ) . In order to avoid in- 
terference torques due to the twisting of the thread, a compensating rotational 
device ("Nachdreheinrichtung") has been installed. Although the floating sus- 
pension of the compass ball ( "Kompasskugel" ) used in the two-gyro compass of 
ANSCHUE^Z isdes cribed, it does not see a to have been taken over into their own 
(i.e, Soviet) construction. 

3. Pickoff Points . 

It is remarkable that in the publications about tho various 
gyroscopic mechanisms and individual parts, with the help of which the indi- 
cator values of the gyroscopes are converted into, for instance, electrical 
values, nothing can be found about* pickoff points. These questions, however, 
are treated in considerable detail in the more general new publications (Sec- 
tion IV - Ho. 47) (Section IV - No. 34 )> both of whioh have the character of 
reference works. Principles, modes of execution, and papers of computation 
for the most important of the selsyn types (GEBER) (resistance, inductive, 
capacitative and photoelectrical) are discussed* without any mention of the 
individual use of these aelsyns in gyroscopic mechanisms. Only in the dis- 
cussion on resistance wire potentiometers is it stated that, in sensitive aero- 
nautical equipment^ in which it is of vital importance to have as little fric- 
tion as possible, special resistance selsyns should be used, wound of very thin 
(0.03 mm) platinum-iridium wire. The resistance of these selsyns mounts up to 
3 ; the good corrosion resisting qualities of the wire permit the use of 

"Schleif ern” (contact strips) with a contact pressure of "several ten's of milli * 
grams". The contacts themselves are so light that even if higher accelerations 
should occur, there would be no danger of basing contact. 

4* Supporting Mechanisms. . 

■?, The supporting mechanisms mentioned in the publications do 

not differ greatly from the known types of foreign gyroscopic equipment. Some 
of the mechanisms may be seen in part in the illustrations of earlier paragraphs* 
the well-known though cons tructionally somewhat changed air bearing ("Luft- 
stuetzung") for a gyroscope horizon in Illustration No. 7 ($£'& fx*." - 

^p‘3) , or the supporting mechanism of a directional gyro (illustrations No. 

2 and 3 - I . ; ), which consist of two small 

permanent magnets on the inner enrdan ring and a spool through which current 
flows, in a casing, and through which the directional gyro is adjusted accord- 
ing to the indications of the magnetic telecompas3 ("Magnetfernkompass") . Fi- 
nally, Illustrations No. 1, 4 and 5 , ; ; , j. 

show a pneumatic support mechanism, in which the correctional mo- 
ments are produced by blowing air at a rough half spherical shell ("rauheHalb- 
kugelschale”) . 
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In supporting- mechanisms, it is' possible to distinguish 
between indicators and 3elsyn moments ("Momentgeber") . PAVLOV (Section IV - 
No. 22) treats several of the more usual indicators, for instance, leveling 
selsyns (“Libellengeber") , which either have a. ball rolling in a curved glass 
rod or consist of a U-shaped rod filled with quicksilver* In point of the 
selsyn moments, only electrical or electro -magnetic mechanisms are taken under 
discussion. For a rotary magnet with a Z-shaped armature, which is obviously 
of Soviet origin, the moments are stated to be a function of the angle of ro- 
tation* It^is to be seen thereby that this construction is usable up to anglesj 
of about 70 • Other constructions may require a lower perf ormance , but they 
also have an appreciably inferior rotation angle characteristic. 

Special papers on the various types of selsyn moments may al-| 
so be found in Section IV - No. 54* 

5 . Locking Devices * 

The directional gyro shown in Illustration No. 1 (nffrfamilr 
' - .U as well as the horizon shown on Illustration No. 5 

(original German text - Pg. 18) possess a locking device which deviates from 
the other known devices of its kind* The principle on which they are based 
can be seen from Illustration No. 12 (scr; -•§, p ; ** 4- . ). A ro- 

tatable bar is attached to the casing of the equipment, which can be set in 
motion over a cranking mechanism by means of a small air-pressure cylinder. 

If there is no air-pressure in. the cylinder, then the spring (15) pushes the 
piston upwards , thereby turning the lever (10) in such a manner that the two 
ends (17) touch and run upon two V-shaped tracks on the outer cardan ring and, 
in the final position, simultaneously fix both cardan rings. Now, if a pres- 
sure of from two to three atmospheres is let into the cylinder, the lever (10) 
turns back and releases the mechanism for work. In Illustrations No. 1 and 5 

■ _ . j the individual parts 

of this device are plainly to be seen. 

II A 1 d h looking device has already been mentioned in Section 

is a question of a change in the locking gyro 

after the model of the Siemens directional gyro. PAVLOV (Section IV - No. 22) 
.deal# with the various kinds of locking devices in considerable detail, weigh- 
ing their advantages and disadvantages against each other. Ho describes the 
device shown in Illustration No. 13 (see 3’. . as one 

of the latest constructions of this type. " 

By turning the handle (6), two levers (15), which have rolleal 
at their ends, are swung upwards* and the gyroscope casing is locked opposite ' 
the cardan ring. By depressing the button ^ the cardan ring is held fast 
and can be set in the desired position by turning this same button. For sim- 
pler cases, PAWLOW recommends the use of the locking device shown in Illus- 
tration No., 14 (sea ; which, however, has this 

disadvantage, i.e. , that the gyroscope axis can be held stationary only in a 
single position. 

Constructional details on individual locking devices can also 
be found in the reference work (Section IV - No. 55), 

b. Other Individual Parts. 


The various types of current conductance to an electrically 

frGQ 1 V inQV A h 1 P - gy ne» ri 53 Vo )•>£> Li n g,- ^ m 1 RS d 


-*■ - LU ® various oi current conductance to an el 
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great detail. PAVLOV (Section IV - No, 
perlments from which it may be gathers 
examined in greater details central izi 
tact brushes ("©bene Schleif buersten ) 
roller contacts with a cylindrical -u.;d 
able values are shown by the point con 
lower contact pressure for spark-free 
(or brush) contacts or roller contacts 
to be most favorable because of the tr 
experiments, it has further been aseer 
showed even the slightest resistance c 
functioning. „ In this experiment, the 
contact path. 


i. 22) hereto renders the results of es> 
,d that the following types have been 
-ed r/bak contacts, level (sliding) con- 
j contact i- rushes of the Brown Type, 

I with a rounded path. The most lavor- 
lt acts, as they require an appreciably 
functioning. Among the various sliding 
3 » roller with a rounded path proves 

riot ion values. By means of long-term 
rt’ined that the same roller contact 
changes after ten hours of uninterrupted 
roller, silver-plated, moved in a brace 


Books (Section IV - No. 47, 54 and 55) contain papera, in 

part very detailed, on such e °°onstru-tioP ofgyroscopirequipment from 

?r iS =otor 8 Of low perform- 
ance, amplifiers, couplings, solsyns and Amplidyne . 

III. PERSOHAli EXPERIENCES. 

A. Ctv-rnsconio Problems in Bhlch the Sovie ts Have . Shown Interest .. 

1. Improvement of Precision of the Gyro scopic Equipment of the jh l 

Rocket . 

The first chase of activity of the German rocket specialists 

ssssssy 

part of this work air _ y ^ aboad wi th farther-reaching' construe- 

was some wavering wheW ~ » in S disousa ion S , the question had often come 

rocket by a more minute adjustment ° f Led in the year" 1947, dealing 

resulted from these ot finishing to) eranoes and adjustment 

with the computation of the influence oi iin.ani«g ^ reviewed. It is 

tolerances on the "on targev J^rt that « come to the realization 

- —-r. r^rs*r , ^K*^^c*^2ir." 
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day* Thanks to the volume of voice with which the explanations were made, we 
were nevertheless able to hear every ?vord and thus learned that the Soviets 
had succeeded in considerably increasing the accuracy of the gyroscopic equip- 
ment and had thereby attained a much greater target accuracy than the Germans 
had been able to achieve at PEENEMUENDE. As proof he presented the curves re- 
lating to the experiments made in the ZEISS Plant in JENA in 194&* 

A report compiled early in 1948 on the effect of cardanic 
flaws on the target accuracy belongs to the same sphere of problems. 

During the same period of time, the Russian colleagues of 
the gyroscope section worked, above all, on the many-sided though subordinate 
questions of the testing and acceptance specifications, A very detailed set 
of directions for the execution of the tests also was compiled. 

The episode reported above is only one example to prove that 
in judging concrete figures given by the Soviets, one must always be -skeptical. 
In most, cases, for what seem to them practical reasons, they either^ exaggerate 
or minimize. Into this category of reports, the following must be included: 

In 1946 , in a German newspaper, it was to be read that the Soviet constructors 
had succeeded in building a new gyro-compass which, though weighing only one- 
tenth as much as the standard compasses, yet had twice their accuracy* During 
my stay in the Soviet Union, I spoke of this to various gyroscope experts, but 
not one of them had ever heard of it. 


/- 


2 . Simplification of the Steering System of the A-4 Rocket . 

v The interest of the Soviets in the guide-beam-steered rocket 

was great, as they hoped by this moans to exceed the existing limits of target 
accuracy, which are dependent on the gyroscopic equipment. If accuracy were 
to be made dependent on the guide-beam, then the functions of the gyroscope 
could be limited to the command control for the steering gear, .and a simpler 
type of gyroscopic equipment would suffice. Ideas in this direction aroused 
great interest with the Soviets. Hence one can understand the interest shown 
in all work connected with the so-called "Markgraf Gyroscope”, sometimes also 
called "Miscb-Kreiael” . After some preparatory theoretical reports (by Dr. 

HOCH and me), the problem was taken up practically also, the more so as the 
Russians had succeeded in fishing two old, partly rusted Markgrafkreise.l from 
a pile of salvage. These gyroscopes were laboriously reconditioned and then 
tested in the laboratory. The results were not very encouraging. As I remem- 
ber, there was a wandering error of about 5 /min, A certain improvement could 
be achieved by the introduction of a negative, electrical tie down, as it had 
been discovered that the return power exerted ? by the lead-in-wires on the ro- 
tatable system, was responsible for part of the flaw. After some experimenting 
to make a constructional change in the lead-in of the gyroscope-drive-current , 
the suggestion arose to compensate the interference of the return current by a 
corresponding . opposing amount generated electrically in the selsyn 
which is already a regular part of the equipment. For this purpose, a voltage 
value, picked off from the potentiometer was put on a* second spool of the selsyn 
and so polarized, that a negative ’’pull” occurred. Its magnitude could 
be so adjusted by means of resistances that the interfering positive "pull” 
could be compensated. Nevertheless, the accuracy attained by this equipment 
remained unsat iaf actory «. 

The Soviets, however, had pinned themselves down to such an 
extent — perhaps through overly intensive advertising of this wonder gyroscope 
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in high places - that work on the Markgraf gyroscope wk; continued intensively. 
This time a number of .Russian technicians aO so were, ■ put on this work. Thus a 
young, quit© intelligent engineer named *'iC. £L0V, in 1947 t wrote a theoretical 
treatise cn the Earkgraf gyroscope for hi a Examination. From what insight I 
had in this paper, I v:as able to ascertain that it was mainly a comprehensive 
“going over 1 ', of the various theoretical papers by German specialists or. this 
topic. r-tl0 ilLCY passed hin examination successfully and then vanished from 
Plant 88. dor was I able bo find any trace of him in later years . Obviously, 
however, he is not identical with the* author of Ho. G? (faction IV ) . 


Plant 88. dor was I 
however, he is not i 


0 th e r Ru s s i an go - . o rk • ; r : 
worked on the pr?ic tied uaht£ on.; of the r 
ual parts of the equipment , for instance , 
tion of balancing also gained in signifies 
fact that in 1948 an order to develop ■■= 1> 


5 whoso n ii.no a I do not re member , have 
-«iiufac taring preparation for indivii- 
thc rotor and the stator. The quoo- 
100 in this cornice t ion - and from the 


wgs given to Branch No. 1, on 0STASHK0V. It is possible to conclude that the 
preparations for the narutf aoturing of the* gyroscopes alre.t ty had reached a cer- 
tain stage. After I had written % purely theoretical report on the balancing 
problem - practical ■ r rk I did. not rioh to attempt because of the prevalent con- 
ditions in the Branch -* a concrete order to construct' a balancing mechanism for 
the rotor or the Idarligraf gyroscope v/j.g given to the Instrument. Section of the 
Branch. A mechanism of this type was built with- inductive sal sync, amplifier 
and electron ray oscillograph indicator ( "filektroenatrahloszi llographenanzeiger" 
cj.nd , alter being tested , was sent to MOSCOW , Labor (1950 ? ) , one of the Rus- 
sian colleagues from the gyroscope group in Plant |8 came to OoTASlIIOV again 
to receive instruction on tho handling of tho equipment. Obviously, the Rus- 
sians; were unable to attain any satisfactory results without help from the 
Germans. At any rate, one can gather from the above that the rotor was copied. 
I 21 1951 and 1952 » re were able tc take a look at some of the equipment which the 
Soviets had copied. I did not work with* them, but I did hoar that, all in all, 
the gyroscopes were work in, satisfactorily. On the copied equipment it could 
plainly be seen that the men who built it had bean fearful of making any con- 
structional change. Thus, the casing frame which, in tho original, had b een 
made by the injection molding process and was th erefore correspondingly thin- 
walled with rib-stiffening, had been minutely but very laboriously copied by~ 
tnean s of .mill ing . There was exactly one constructional change. The selayn 
moment was somewhat enlarged in such a manner that the spool which is located 
in the magnet casing was given a larger diameter than it had originally, but 
this was not done until . the German specialists had first made the required com- 
putations- and' experiments. In this manner*, it was not possible to mount two 
spools on 'the spool frame -ithout h. vir.g to enlarge the gap clearance of the 
magnet . 


, Th « research on the use of the Msrkgraf gyroscope for the 

steer an^ of t-he u-1 rocket plater called R-10) had progressed sufficiently 
so that the uniting ox the throe Markgraf gyroscopes into a tri-axial steer- 
ing mechanism constructionally formed a gyroscope block. An elastic suspension 
for this gyroscope clock was also built and was to be attached directly to the 
bottom of. the lower container. To the aggregation of problems in point of the 
simplifying, of steering mechanisms must be added some work, done by F0DLIPKI as 
early as 1947 > in which, in place of a Markgraf gyroscope , an ordinary burn in- 
dicator waa used, whose indicator value w • * s to be integrated by an integration 
motor and combined with the initial value. A practical tost of such a steering 
mechanism made on a vibration test stand built in Plant 88 showed that with the 
equipment .used a time constant of too great a value resulted in the indicator, 
which resulted from the inertia of the integration motor. The steering' mechan- 
ism was built out 01 German LOW individual parts which happened tp be on hand# 
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Art electro-motor steered by an LGW vibration .regulator served as a servo-unit* 
This rasearch was not continued after 1947 and ooviouoly aroused little inter- 
est with the Soviets j as they had meanwhile uottlod definitely on the Markgraf 
gyroscope. . 

3 • Gyroscopes au Ideas urinft Instruments . 

For the execution of Messina measurements , the Soviets were 
loo&ing for suitable ae.ieu.ring aolpyns for the course angles of the rocket when 
it occurred to them to use the usual gyroscopic equipment , verticals, and hori- 
zontals. Thus it became necessary for us, in a report issued in 1947, to clar- 
ify the problems which arose with the use of this equipment as measuring sel- 
syns . And, most important, we estimated the degree of accuracy which could bo 
expected. Similar examinations wore also carried on by the measuring group of 
the steering mechanism section in Factory 66 . There Dr. 3T0LPE had written a 
report on the use of the Siemens directional gyro, Type KLu 4 as a measuring 
celsyn, and had based his work mainly on an article printed by the firm on 
trio apparatus. In 1949 and 1930, several orders to manufacture equipment 
for the measuring of rotational speeds were submitted to the measuring section 
of Branch No. 1 in 03TA3DK0V • In accord with these orders, German LGW turn in- 
dicators wore remodeled us, during our first years in this locality, many of 
them were still available from the captured equipment . Later, however, these 
mechanisms became very rare, as many had been taken apart os time went by to re- 
move the potentiometers for use in other measuring equipment. In order to make 
the required rotational speed measuring ranges attainable, the turn indicators 
were in part equipped with other springs to pin down the frame . Those LGW- turn 
indicators , which are in outer structure completely analogous to the Markgraf 
gyroscope, and which use the same rotor, wore also copied later by the Russians. 
Oddly, this apparatus was copied with complete disregard of another LGW turn 
indicator, -which had been developed further, although a sample of it was at 
hand. 

4 • Other Gyroscopic Equipment . 

In the . summer of 1948 » I vMp> given an ordex 1 to de= 
sign a gyroscope horizon which would bs capable of a "high degree of accuracy - 
I believe 0.2 - independent of any kind of accelerations. On my pointing out 
that this assignment could not be fulfilled in so general a form, I finally, 
after much writing back and forth, (significantly, these preliminary questions 
were not discussed verbally, but were settled in writing only be two on P0DLIPKI 
and 0STASHK0Y), I was sent an acceleration time graph on -which to base my re- 
search. Than I discovered that this graph had simply been taken from an earlier 
German report by SANGER- BHEDT, in which, in a somewhat Utopian manner, rocket 
paths round about the earth had been marked. (ROTE; The well-known manned 
rocket bomber proposal by Dr. E. SlUGEH, in which STALIN have shown con- 

siderable interest in 1946 ). 

In point of the research done upon this order, it was neces- 
sary, first of all, to try to make clear tc the people who gave the order, that 
the principle of acceleration-free adjustment (the so-called 84 -minute princi- 
ple), the use of which obviously had seemed so promising, was no longer valid 
for aircraft with considerable vertical accelerations • The adjustment require- 
ment then becomes a function of the vertical accelerations. The research then 
was limited to the drafting of various possible designs, among which were in- 
cluded the suggestions of Dr. GLITSCHER (formerly Siemens Equipment and Ma- 
chines). GLITSCHER had shown that an acceleration free adjustment also could 
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be attained, if one were to introduce an additional spin ("Zusatjadrall") to 
the left ( "Back bord M ) , 'whose amplitude would depend on the flying speed. For 
the suggested equipment, a general error theory was outlined and lor the con- 
Crete example of the sllfGEH-BREDT path the course of the indicator flaw was 
numerically computed as a time function. Thereby it was made manifest that 
the required accuracy for this type of extreme case can never be guaranteed. 

When the reports made on this assignment were completed, they 
were 3 ent to the main plant in MOSCOW; they were never referred to again. Hot 
even once did a discussion of these problems take place and the persons who 
gave the assignments limited themselves - when it was unavoidable - to sending 
brief directives by letter to OSTASHKOV. The director of the steering mechan- 
ism section, CHEP.TOK, in Plant 88, functioned a3 the representative of the 
persons with whom the assignments originated. 

In consequence of research done by Dr* QUESSEL on the SCHMET- 

TERLING rocket, I was assigned, in 1949* to outline an error theory on the 

SGHMETTERLING gyroscope. In this connection, a relatively short report evolved 
in which general questions (cardan errors, tumbling errors, support errors) 
were examined. In this case, the assignment was given by an engineer named 
LEVENIH from Plant 88 at PODLIPKI, who once attended a discussion at OSTASHKOV. 

When, in the fall of 1952, new assignments were given to the 
few remaining members of the OSTASHKOV group, I was assigned to design and 
build a directional gyro whose weight was not to exceed 5 k£ and which was to 
have an accuracy of 2 /hour. This assignment, again from CHERTOK’s Section, 

was in charge of an engineer named y'tfRAT30f, who, during the course of this re- 

search, often came to OSTASIIKOV and occupied himself with the problem inten- 
sively. In the course of the discussions which took place during this project, 
the requirements were made more workable to this extent, that a weight of up 
to 7 kg was permitted (the equipment, when it was built, was even a little 
heavier) and that the accuracy requirement was formulated with greater pre- 
cision. In the course of an hour, the lead angle was not to exceed the value 
of 2 , but the lead 3 peed could amount up to 3°/hour. The required maximum 
working altitude was 14 km ( 45,920 ft), a value which occurred again in the 
equipment ordered at the same time (angle of attack and angle of sideslip mea- 
suring equipment, statoscope). 

% The basic conceptions on the design of which a model also was 

built consisted ofs (l) the use of a gyroscopic rotor of symmetrical cross- 
section; (2) introduction of a low friction oscillatory bearing for the cardan 
axis; (?) the use of centralized sets of contacts ( "Zentralkontaktsaetze ) for 
current transmissions from the casing to the cardan frame and also from the 
cardan frame to the gyroscope casing; ( 4 ) the use of a reia^ system which, de- 
spite the use of centralised oontacts, guaranteed complete freedom of rotation 
of the equipment around the directional axis. In other respects, the construc- 
tion showed the characteristics usual to directional gyros. Two German gyro- 
scopes of Type KA 7 were used as rotors - as rotors of Soviet make were not at 

hand, i.e., could not be made available. In order to achieve symmetry, the 

German rotors were placed opposite each other with the ends of their axes touch- 
ing and were then joined by a coupling. In experiments, thi3 coupling worked 

very satisfactorily even when the drive of one gyroscope was shut off. 

By means of a pneumatic support of the gyroscope system, the 
axis of the double gyroscope was always made to process back into the vertical 
which is perpendicular to the horizontal of the cardan ring. In order to have 
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an adequate blow moment available for support, the casing of the gyroscope was 
milled out so that the blown air could travel in a manner favorable in point ofj 
air flow technique. On the cardan ring, opposite the air opening, shutters 
were mounted which, in normal position, left the openings exactly half open or 
half closed. 

A Ferrari motor with a “I'opf anker ,f (pot-shaped armature?) of 
thin 3heet aluminum served as selsyn moment for the compensation of the earth 
rotation. A potentiometer which was to be calibrated directly for geographic 
latitude regulated the feeding of. the motor. In addition, four field coils 
for the operation of the oscillatory bearings ("Schwinglager" ) were attached 
to the cardan frame. In the first design, the oscillatory bearings consisted 
of two each ball bearings placed one behind the other. Both bearings were 
joined by a case -which had a lever with two pole shoes at its end. These pole 
shoes moved directly before the U-iron cores of the field coils, through which 
a “meandering* 5 type of current of about 10 Hz (Hertz) was sent. Hereby it 
proved necessary to adjust the spools vary carefully, in order to attain the 
greatest possible symmetry of the oscillations of the levers. In cases of un- 
symmetrical oscillations, the compensation of the frictional force is incomplet 

In order to pick off the course deviations, a system of two 
potentiometers was used, which had to be taken out of A-4 gyroscopic equipment. 
In addition to the electrical pickoff, the course deviation was also shown vis- 
ually, as the rotations of the cardan frame with the compass rose attached coulcjl 
be read from the displacements opposite the adjustable "Sollwertrose" (rated 
value compass rose). The rated value adjustment could be accomplished manually 
or by a motor. 

Other individual parts of the equipment are j a relay motor 
with mechanisms for shutting off in the end positions, a "MMandererzeuger” , 
and a slip ring set ("Schleifringsatz) for the relay system. 

The model equipment was nearly completed by November 1955. 
There was no possibility to test it in its entirety as the special ball bear- 
ings for the oscillatory hearings, among several other things, had not been 
delivered. Only individual groupings of the equipment were tested — the rotor 
system with the coupling, the pneumatic support mechanism, the oscillatory bear- 
ings, (with temporary ball bearings), and the selsyn moment. 

Toward the end of the research on this directional gyro, a 
report was made, a few days before the Germans were transported out of 0STASH- 
KOV, which included directions for the building of the equipment and also for 
its testing. 

In comparison with the rather detailed research which had 
been done on horizons and verticals, relatively little work has been done on 
the integration gyroscope, which is also used in the A-4 rocket. It is pos- 
sible that, at that time already, other methods of the shutting off technique 
had been decided upon. In Plant 88, an engineer named SIU&HK.I2L had worked 
on the I- gyros cope for a while; however, insofar as anything is known about 
it, he never went beyond testing and describing it. Observations of the , 

( "Schaltf requenzen” (switch frequencies) of the erection motor resulted, in 1948, | 
in my doing some theoretic research on this topic, just before I was sent to 
OSTASHKOV. On my advice, some experiments were done on the vibration table 
at that time, but nothing is known of their results. 
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Later integration gyroscopes were also used in the 30 -called 
"Bahnmoielle" • This equipment was a remodeled form of the Siemens directional 
gyro, Type Lku4* It contained the original rotor (Type KA5)* as well as var- 
ious individual parts of the cardanic bearings and the equipment wa3 completed 
by the mounting of a Ferrari-t'ype selsyn. 

The stabilized platform ("Stabipla”) , which was developed by 
the KREISEL GmbH, BERLIN, for PEENEJMUENDE, was given no attention whatever in 
PODLIFKI. Obviously, it was not within the province of Plant 88. One of 
these platforms which had been laboriously put into operation in BLEICHERQDE. 
was, indeed, brought to PODLIPKX, but it rusted there in a storeroom. It is 
to be assumed that no other plant was interested in the "Stabipla" . Had it 
been so, the equipment probably would have been transported there. 


3 • 


General Gyroscopic Problems . 


In general, only discussions on simple gyroscopic problems 
were carried on with the Russian engineers who were working in the gyroscopic 
group at Plant 88. These co-workers were chiefly so-called "young" engineers, 
who had completed their studies in part and now were due for a few years of 
practical work. Almost without exception, they first had to be broken into 
gyroscopic problems. Further, it must be said that neither these "young” en- 
gineers nor the few "old” engineers belonged by any means to the elite of Rus- 
sian gyroscope specialists. They knew the fcechnioal literature too little to 
be able to carry on productive conversations with us. Mainly, their interest 
always veered back to the more practical questions of construction and testing 

There ?ms seldom any opportunity to talk with good Russian 
gyroscopic specialists. Once a scientist - whose name I did not understand - 
came to Plant 88 from a Moscow institute. It turned out that he had read 
earlier publications of mine, and that he knew these treatises very well. We 
discussed the problem of support for gyroscope horizons. Obviously, work had 
been done in this field in the Soviet Union. During the days of the experi- 
mental shooting in KAPUSTIB, there were repeated opportunities to speak with 
Herr KUZNETSOV , the leading gyroscope specialist, and also with some of his co- 
workers. The conversations with Herr KUZNE^V naturally almost always cente'red 
in the problem of intensifying the accuracy of horizons and verticals, in order 
to raise the target accuracy of the rocket. Occasionally, however, Herr KUZ- 
NEISC&'also reported on difficulties experienced in the Soviet Union in the man- 
ufacture of gyroscopes. At suoh times, he made no effort to conceal that, in 
p oint of gyroscope b uildi ng, the Rus 8 Ians ^had^ n ot ye t gather ed t he ex per ieno fe 4 
~whlc h, for instance, existed in Germany towa rd th e end of t he war. They had 


tried to achieve the needed experience by co pying certain equipment with pains° 
taki ng exactness (for instance, the ANSCHUETZ gyroscopic compass). 


Interesting, also, were the discussions in KAPUSTIN held with 
one of the co-workers of KUZNETBU^ whose name I do not remember. He was an 
older engineer, who obviously had worked intensively on the problems of gyro- 
scope manufacture for a long time, Among other things, he had worked on the 
question of low friction bearings for gyroscopes, and he asked for my opinion 
of a German publication on magnetic suspensions. Obviously, at that time, 

(end of 1947/ > the Russians had not yet gathered experience of their own with 
this type of bearing. I recall, also, that the question of the best type of 
rotor and the question of waves, elastic or rigid, were discussed at that time. 


attain.. 


In later years, I never saw Herr KUZNETSK or his oo-worker 
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In the spring of 1948, I had shown gyroscope instructional 
equipment to Harr 0TRESHKU , then in charge of the gyroscope group in Plant 
88, for the purpose of explaining some gyroscopic effects. He requested that 
I demonstrate this equipment "before a larger group of the Russian co-workers 
at Plant 88, also* which I did in two lectures which were interpreted "by a 
woman interpreter. After that the interest in this piece of instructional 
equipment mounted to such an extent, that Herr 0TRESHKU was able to persuade 
the Russian chiefs of the plant to copy the model. The measurements of the 
equipment actually were taken by a Russian woman engineer, but it never came 
to my knowledge , whether the model ever was copied. At the time, I had do- 
nated to the plant library a copy of the instruction book belonging to the e- 
quipment, an easily comprehensible introduction into the field of gyroscope 
theory. This book, however, was. borrowed by tho engineer KARMSII , who was 
most intensively interested in this piece of instruction equipment, and who 
disregarded all requests to return it. It was said that the cook was to be 
translated into Russian, but of this, also, I never heard anything further. 

B . Soviet Gyroscope Equipment. 


The only gyroscopic equipment of unequivocal Soviet origin which 
I had in my hands during ray stay in the Soviet Union was, in 1947; an aerial 
horizon and an aero directional gyro, and again in 1951 a copy of the German 
LGY/ turn indicator. 

The first pieces of equipment were put at our disposal because, 
during the early part of our stay, we had expressed the wish to be able to 
compare Soviet constructed equipment with the well-known foreign constructions. 
In the case of the horizon, we noted no appreciable change as compared to the 
Sperry construction. Externally, however, the impression was of greater bulk 
and clumsiness* The same is true of the directional gyro • I recall distinctly, 
however, that in one point it also deviated appreciably from the other well- 
known constructions. The gyroscopic system around the inner cardan axis was 
not supported perpendicular to the plane of the outer cardan frame, but per- 
pendicular to the ”Soheinlot^^ohtung ,, (imaginary vertical reference line). For 
this purpose a pneumatic support mechanism, which was analogous to the support 
mechanism of the Sperry horizon, had been mounted at the side of the rotor 
casing which, in the main, also corresponded to that of the Sperry horizon# 

The air- jet of the gyroscope thus was blown out through two slits (the Sperry 
gyro has 4 slits), and was steered by two small pendula corresponding always 
to the position of the "Scheinlot” (imaginary vertical plane). 

So experiments ?/ero made with these two pieces of equipment, as at 
that time PQDLXPKI was not equipped to put pneumatic gyroscopes into operation. 

C . Individual Parts of Gyroscopic Equipment . 

Regarding important individual parts, we only learned, in 1955; 
of the existence of special double ball bearings for the manufacture of low 
friction oscillating cardan bearings. In designing the previously- discussed 
directional gyro, which was to have an exceptional degree of accuracy, it was 
at first planned to mount the oscillatory bearings by setting two normal ball 
bearings, one behind the other. In order to obtain the precision bearings \Mith 
especially narrow tolerances, which ore necessary for these bearings, a permlit 
was required from a ball bearing consultation Office located in a ball bearing 
plant in MOSCOW. When. an engineer naraeA KISELOV , who was in charge of the Con- 
struction section of the 0STASHK0V Branch, took these construction drawings to 
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this place in MOSCOW to order these bearings, he was told, after the drawings 
had been examined, that he should have the construction changed, aa a new dou- 
ble ball bearing especially for use in gyroscopic equipment had just been de- 
veloped* It had not yet been included in the norma but would be available soon, 
We were given the data on the bearings (as far as I recall the inner diameter 
was 6 mm) as the basis of the construction changes. The bearings consisted of 
three concentric cylinder rings with beveled tracks, between which two crowns 
of balls moved in ball housings. The middle ring of the bearing had on one sid j 
4 boring3 9Q apart, with M-l thread to fasten the actual oscillatory mechanism. 

We saw no constructed ball bearings of this type. 

In 1955, ^'hcn preparations were being made to teat the planned 
directional gyro, we were issued another part for gyroscopic equipment, a copy 
of the German direot current - three-phase current "transformer" (‘Gleichstrom- 
Drehatrom Uinforaer*) of Type GRIT- 180, put out by the OEMIG CO. Outwardly, the 
"U&f oriaer" was not to be distinguished from its German model; however, some 
change had been made in the wiring of the plug connection. Strangely, it was 
planned to entrust us with the equipment but not with the circuit diagram. Not 
until we stated our regret at being unable to make any experiments under these 
conditions were we given a short, penciled outline of the wiring. After being 
in operation for some time, the "Umf ormer" (continuous current transformer) 
proved itself to be usable? only the adjuster control which belonged to it did 
not prove very constant. This was due to the poor quality of the selenium rec- 
tifier which had been used, a fact which previously had given rise to serious 
interference in the installing of Russian selenium rectifiers into magnet am- 
plifiers. 

In the preliminary work for the construction, of the directional 
gyro in the fall of 1952 , it was repeatedly stressed that a suitable rotor with 
a symmetrical cross-section would have to be obtained. This question was de- 
bated back and forth between the Russian installations at PODLXPKI and 0STASH- 
KOV several times with the result that, after a long time, the answer finally 
came that in the Soviet Union there were no gyroscope rotors of this type. 

A further bottleneck which made, itself acutely felt was the lack 
of suitable potentiometers, such as were usual for the pickoff of measuring 
values in gyroscopic equipment. In 0STASHK0V, these were also used for other 
sensitive measuring instruments (accelerometers, extensometera, pressure gauges, 
etc.). Although the manufacture of measuring equipment was often demanded by 
Russian offices with increasing urgency, it was nevertheless impossible to ob- 
tain the so urgently needed potentiometers, so that there is reason to assume 
that in the Soviet Union they either did not exist at all, or only in very in- 
adequate numbers. Thus, in the Branch, it became necessary again and again to 
fall back on salvaging instruments out of captured German equipment which, at 
the beginning, was at hand in unlimited quantities. 

D. An Estimate of the General Situation in the Field of Theory and U 3 g 
of the Gyroscope . 

Any summarizing of the publications made or of the results gained 
by personal experience can only be attempted with the most careful restraint. 
Setting apart the subjective character of any estimate in this field, one must 
be very careful to avoid generalizations and hasty judgment. It must be kept 
in mind that, in the Soviet Union, the situation in all fields differs so great- 
ly and is so manifold that observers located in different places and at dif- 
ferent times can arrive at totally different conclusions. I, myself have become 
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very careful due to the tremendous discrepancy which existed between the partly 
excellent scientific publications on the one hand, and, on the average, the 
shockingly low degree of knowledge and ability of the specialists with whom 
we came in contact, on the other hand. Certainly I would recommend similar 
caution to anyone who undertakes to express judgment on Soviet conditions. 

This preliminary comment seemed necessary to me, as a critical 
estimate of the situation and of Soviet capabilities in the field of gyroscope 
theory and technique is now to be attempted. 

The Soviet Union has a large number of excellent specialists in 
the field of general gyroscope theory. The Russian tradition in this field 
which has existed for about 70 years has scarcely ever been broken and has been 
furthered in the last decade with considerable intensity. One ha 3 the impres- 
sion that, in research of thi3 kind, all practical questions are intentionally- 
avoided, so that the purely analytical character of the research should not be 
disturbed. Sometimes, however, only the joy in formal mathematics seems to 
have been the mainspring, because an astonishingly sparse content will be found 
hiding behind a glittering mathematical front. The worship of theory, which 
is an important factor in the universal communist viewpoint anyhow, offers a 
welcome, fertile soil for such manifestations of degeneracy. 

Although the Soviet Union also can look back upon a certain a- 
mount of tradition in point of applied gyroscope theory, yet one has the im- 
pression that this branch is still very young. The founders of applied gyro- 
scope theory, KRYLOV-, NIKOLAY and BULGAKOV, who meanwhile have died, have ob- 
viously no successor who can match their ability. Perhaps ROYTENBERG, a pupil 
of BULGAKOV, who is now a professor at the Moscow University, could be called 
the leading figure of the day in this field. In addition, however, there does 
exist a series of good scientists who merely have not been very active as yet 
in this particular field. Among these I would like to count METELITSIN and 
TKACHEV.. KOSLOV, who works in the ;®K0VSKI ' Air Academy must be named here 
too, and perhaps KQ3HLYAK0W , who works in the Institute? for Precision Mechan- 
isms and Optical Instruments at LENINGRAD. SKIPANOY, on the other hand, can 
be by-pa3sed as being of lesser signlf isanos . His voluminous book ha 3 marked 
him too much as a man of large ' but ox little performance. The data 

on hand are insufficient to make possible an estimate of the other gyroscope 
specialists whose names have become known, FRIEDLAENDER and ISAKOV I CH (both 
in MOSCOW \ -TIKDIEHEV (pupil of BULGAKOV), LEVENTAI^ DANILIN and/ KHOKHLOV. 

A certain special position is held by OKUNfeV who, however, seems to have been 
working exclusively on the application of gyroscope manifestations on flying ‘ 
projectiles . 

Only a few papers exist on which an estimation of the development 
and construction of gyroscopes could based. Although the books of PAVLOV 
and SQL0V<£Y show that a certain activity was going on in this field, yet we 
must not forget that, above all, both books owe their existence to the fact 
that many papers by other scientists, predominantly foreign ones, were col- 
lected first. In this point, a leading role seems to have been played by 
KUZNETSOV who was in charge (or the chief engineer) of a MOSCOW institute, 
which has been active in this field for decades and which previously had been 
working on marine gyroscopes (gyro-compasses and stabilising gyroscopes for 
ships). That he was among the leading personalities is corroborated by the 
fact that he was a member of a receiving commission which, in the years 1938- 
I94O came to Germany to get the gyroscopic equipment which had been constructed 
there for the Soviet Union. 
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I It oeemi to me that two- things hinder the development of the 

construction of gyroscopic equipment in the Soviet Union: (l) lack of prac- 
tical experience, ami ( 2 ) the inability c£ the Russian engineers to grasp the 
meaning of "development H . To compensate for the lack of practical experience 
is a slow process, but I have the impression that many efforts are being made 
in this direction. Considering the many young specialists put to work in this 
field, and in the Soviet Union there are a great many of them, it will not be 
surprising if, after a few- more years, a sufficient number of trained personnel 
shall be available. It will probably be .more difficult to change the attitude 
of the Russian engineers toward the tasks to which they are assigned . During 
my stay in the Soviet Union, I learned to know only the "cook book" type of 
engineer, i.o. , engineers who solve their problems with the help of a number of 
reference books, which contain a formula for any case which may arise.- Fur- 
ther, the conviction is predominant that any equipment which has been diagrammed 
on paper simply must function immediately without the a lightest difficulty, and 
therefore may be cons true tod. in quantity. The conception of "deve lopin g '/ ny - 

thing seems to be unk nown to th e Rus sian s, in fact, the . Russian., l ang ua ge does 

not^even have an equiv alent for this word. ^ The word "Raxrabotka" , which is of- 
ten used to d e s ign a. t e "do ve To rfmeh t " , is by no means the same thing. 

It is due to the "cook book attitude" of the Russian engineer that 
every machine builder exerts himself to adhere to patterns as closely as possi- 
ble, and to avoid any greater basic changes of construction. This is under- 
standable since, for many years nothing was done other than to copy existing 
equipment as faithfully as possible. For this activity, the Russian language 
has a word of its own "Rekonstrukls'ya" , which can be only imperfectly trans- 
lated because this conception just is not used, at least not in occidental 
countries. There is no shortage of mechanics in the Soviet Union, the more so 
as this particular professional branch enjoys special esteem in popular opin- 
ion. By f'ir the greater number of mechanics, however, are trained to do more 
or less coarse locksmith's work. In the course of my activity in the Soviet 
Union, I did, to my astonishment, encounter a few excellent precision mechanics. 
These were young people who, after proper guidance, accomplished different tasks 
with the greatest patience and devotion 5 thus, for instance, the winding of the 
spools for the selsyn of the Markgraf gyroscope , or the adjusting of the rotor 
or of the cardan bearings. Of course, for this purpose these young ^people had 
to be protected from something v/hich, in Russian workshops, is a matter of 
course — the constant, ha raising driving by the foreman that a proscribed 
time schedule be followed at all costs. If this was done, and the interest of 
the mechanics aroused, then they rendered perfect work. 


Comment has already been made on the Russian gyroscope specialists 
who have become known through their publications. I am now adding briefly a few 
characteristics of the gyroscope specialists with whom I became personally ac- 


quainted during iny stay in the 
one of these men was a first c 
considerably below what, in Cl 
intelligent of these man were 
ination treatise in Plant 06 i 
who was in charge of R. group 5 


signments which were sent to OSTASHKOW 


Soviet Union. In general, I may say the t not 
ass specialist-. In most cases, their level lay 
.nany , was considered to be average.' The most 
[JO-RILO , , a young engineer who wrote his exam- 
PQDLIPKX on the Mnfkgraf gyroscope, and -VURAT $hV, 
Nil 80 in 1952/53? and, in this capacity -.rat oiled' 


Concerning OTRESUKU, who was in charge of the gyroscope group in 
Nil 88 , I can only say , that he was a fair, . courteous and not. unpleasant offi- 
cial, but that he wan markedly empty of any ideas in the field of gyroscope 
j. technique. He occupied himself predominantly with directions for and directives 
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regarding the testing of gyroscopes • Shortly before the Germans were trans- 
ferred to QSTASIIKOV, he was relieved by a won -in engineer, but remained with 
the group as a co- worker. The names of the other Russian co-workers in the 
gyroscope group I no longer remember, nor • would any special capabilities or 
characteristics of theirs ' be worth mentioning. Usually they were young engi- 
neers who were only temporarily assigned to the gyroscope group. 

During 1947/48, the group for integration gyroscopes was in charge 
of a person named RHAC HKIJN , a r.sn of little ability but great industry and am- 
bition. For as long as I knew him, he occupied himself only with the least im- 
portant matters cf the A- 4 integration gyroscope. 

Another person who was interested in gyroscopes was a man named 
KARDASH , a co-worker in the serve -unit group in P023LIPKI , 1947/48. Although 
he was obviously superior in intelligence to the two above named group loaders, 
he never had a place of any significance' in the Plant. 


An engineer named lA’yilhlh was h member of another section of 
Plant- 00, which was headed by a Herr RASilKCV. This section worked at the "re- 
construction" of the anti-aircraft rocket oCIIMhTTERLIHG . The engineer ITS/ ENIN 
had a quiet, reserved manner , but ho not especially efficient. His ability, 
however, Was probably adequate for the post he had to fill, for he only needed 
to describe equipment which vras already in existence — .among ethers the SCHM8T- 
TERLING gyroscope -- and to put it in motion. 


In 1952, 

worker from Plant 88. 
rectly with gyroacopi 
in this field. He wn. 
vibration tables whic 
viously, these vibrat 


/ 53 j I became acquainted with an efficient, older co- 
His name was MlkuAILOV. Although ho did not work di- 
c equipment, it was obvious that he was well informed 

.a in charge of several assignments on various types of 
h, at this time, were being executed in 0STA3HK0V. Ob- 
ion tables were also planned for the testing of gyroscopic 


specialists who did no 
ther became acquainted 
sively on details of t 
the selsyn and potent! 
in the ye ax 1947 > f in ■ l 
I would not like to go 
work on torpedo gyro sc 

IV. LITERATURE- INDEX. 


gf already has been mentioned as one of those gyroscope 
ot belong to Plant 88. In 3LEICHER0DE, in 1946, I fur- 
d with an engineer named FROLOV, who worked very inten- 
the construction of the A-4 gyroscope — for instance, 
dome ter pickoffs. FROLOV suddenly appeared in Plant 88, 
asked me, in the presence of some other Russians, whether 
o with him to - LENINGRAD. There I would again be able to 
copes. I never heard of him again. 


In this index, the papers are listed according to the dr. te of their 
publication. 

Papers which were .available to the author and on which special re- 
views were written are designated by underlining their numbers at the left. 

1. A. N. KRYLOV and /;.♦ A. KRUTK0V. "General Gyroscope Theory and 
Some of Its Technical Applications" . Moscow 1932. 2nd Edition, 1936. 

2, 13. V. BtJLGAKO and S. S. TIK.HMENEV' . " The Theory of the Sperry 
Gyroscopic Horizon with Pendulum-Steered Air Bearing”; Eachrichten der staat- 


lichen Mookauer Universitaet . ( News from the Moscow State University }. Vol 
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■ % a. A. SLOtffANSKI v "The Speed Indicator and the. Gyroscope With 
Tvvo .Deyreen oi Freedom as an Element of the Automatic Lort^lt udinal btiibil_i_^ 
Ta-tion^o f A ir or a ft " . Periodical s Automatik und Te 1 erne chan Ik , 1957? PS 3* 1:L 5~ 
130. 

4* B. V . BULGAKGv . "The Theory of the AII3CKUETZ Gyroscopic Horizon^ 
Pori odi cals Prikiadna a ll ateca ti ka 1 Ke^d ianika , 19d7 9 PS y • • 

5 . u # y. HI PANOV. "G yroaconic Egui nment for Blind- ElXl&S. i—£h SS£2& 
Computation and Cone t r action Methods ” . * St ate Publis hers f cr, £je fense Industry.. 
Moscow- Leningrad , 19 >0. 

6 . . . N. HO TEN BERG . " The Gyro Flight ■Indicator as n measuring 
So is , 7 11 (liessgeber) 0 1 the Autonilct by Sm ith" . i criodie a 1 : A;^tcsaatika_i., 
Telemee hanika , 1930, Pc • 03 • 

7 . G. G. APPHLR0T • " Determining of the Claeses of King tic, a 11;/ S yja-i 

metrical Heavy Gyroscope a Capa ble of Simplified Mon ion Similar to t h o InurLE Eii 
M^emeriinr or Cer tain ' Si^ei if i^d Mot ions of' fchc T LaGrn.n&e ^ Periodical: 

Is. yesti.~a Akademii Rank, Seri pi fi r. i oheskihh nauk , 1930, pgs. 363-411* 


8 . B. V. BULGAKOV-. " Aypli e.d G y r o : j c o p 5 Th £ o r y " s .Moscow; 1939* 


9 . E. 15. L EVENT AL. "The Influence of the Oscillations of the 6 rial 1 
Stearin^ Pendula on t he Gyrosco p ic Horizon " . Periodicals 1 

Vol . 7, 1939* 

10 . I. V. 3 TANKS V ’ " The Rotations of a Heavy Gyroscope Aroar. d } 

Fixed Point. Applic ation of the Jakobi Method ". Papers from the Mo.qcow_ Jna.R . j 
tute for Lathe Equipm ent, Vo 1 V , 1 f 3 9 » PH a* 3 - 2 8 . . 

11 . 1 . t. SPIRIN. " Flights in the Arctic" . Publishers .for North Sea 
Shipping Routes, 1940? P£ • G0 * 

12. S. L. SOBOLEV. " On the Books by G. V . u nipane v s, TheQjp^ JlQm- 

nutation and Constru c t ion Methods for Aviation and Gyroscopic JPiuiptnont lor 

Blind Plying" . Periodical : Pv/Hstly a Akademii Kauk, 0 tde leni ve . TekHriit^^ 

kildi Kauk . 1940. Pga. 99 - 10*6 and 131-152. 

13. G. 0. PRIDLENDE1V " The Cardan Error of the Dire -j. t renal Gyro" . 

Periodicals . chna,a In dus tri "a. Vol. G. 4:940. 

L£. B. V. BULGAKOV. " Accumulations of Errors in 'Gyroscopic Apparatus", 
published in the drean language in the periodical: Engineers Archive, , Vol 11, 
1940. Pgs. 46 I- 469 . 

15 . G. G. APPELE0T. " Nearly Symmetrical Gyroscopes ^, published in a 
compiled volume in honor of 3. V* K0VALEV3KA, A , 194-0* Pgs. bl.-i 56 . 

16 . " The Moti ons of a Heav y Gyroscope About a Fixed Point ", compiled - 
volume in honor of S. V* VO'- /V-r.W ’AvA t 1940. 

17 . N. V. BITTEN IK. " Me ch ani c a 1 s Self-oscillati ng Syste ms in .Which 

1 Kraiselkraef te * (Gyro s copic Forces*) -are Effective" . Periodicals Frik^adnay a 
Matematika i Medhanlka . Vcl 4 , 1942. Pgs. 527-346, 
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Friction Around the Cardan Axes . Moscow. J-944* 

X9 , a. I, NEKRASOV e " The Course of Theoretical Mechanics 11 . State 
Publishing House for Technical Theoretic Writing . Moscow- Leningrad, 1945/ 4 

20. B. I. KTJDREV ' C H , " Supplementary Questions on Gyroscopic Com 
passes and on Gyroscopic Verticals*’ , Publishers for the Navy . 1945* 

21. N. V. BUT ENIN . " The Effect of Outer, Sine*- Like Forces on A 

Self -Oscillatory System in Which Gyroscopic Forces are Effective " . Papers J>£ 
the Red Army Leningrad Academy for Air Wax- ( LKVfWAKA) . 1945* P& 3 * ljQ-140* 

22. V. A. PAVLOV . " Fundamentals of the Construction of Gyroscopic 
Equipment" State Publishers for the Defense Industry . Moscow. 1946. 

23. E. V. OLL'IAN, >V. I. SOLOVcV , ¥. P. TOKAREV. rt Autopilot a _ " * 

State Publisher a for the Defense Industry . Moscow. 1946- 

2^ G. K. SUSLW. theoretical Mechanics 8 *. State Publishers for 
Technical-Theoretical Writings . Mosoow-Leningrad. 1946. 

25. D. S. PALPOR. " The Damping Gyro ". Periodical: yestnik XixJtme - 
i Tefehnikov . 1946. 

26. k+ I. RQYTENBERG. " The "Mehrkreisel * (multi-gyroscope) Vertical " 
Periodicals Prikladnaya Matematika i Mekhanika . Vol 10, 1946. Pg- 21. 

the Motion of a Heavy Gyroscope 
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Surface Integral . Periodicals . 
eskikh Hauk . 1946. 

28. s. L. NIKOLAI. " Gyroscopes and Some of Their Technical Appli- 
cations" . State Publisher for Technical-Theoretical Writings . Moscow- Leningrsi 
1947. 

22., A. F. GHOGHLOv* " On the Use of a Gyroscopic Magnet as a Course 
Indicator " . Periodicals A utomat ika i Telemefehanika . Vol VIII. 1947* Pgs« 
285-296. 

JO. /L. N. R0YTEJNBERG. " Self-Oscillations of Gyroscope Stabilisa- 
tions". Periodicals Prikladnaya Matematika i Mekhanika. Vol. 11, 1947- 


31 . E. L. NIKOLAV. " Gyro s co pe The ory " . State Publishers for Tech- ^ ] 
nical-Theoretical Writings . Moscow- Leningrad. 1946 •_ 

52 . L. G- LO/fSANSKI and A. I. LUR£ . " The , Course of Theoretical ; Me^ 
chanics" . State Publishers for Technical-Theoretical Writings . Moscow -Lenin- 
grad. 1946. 2 Volumes . 

33 . % I • . SOLOV&V • " Gyroscopic Equipment" . Moscow. 1946* 

34. B. V. BULGAKS and % I. R0TTENBERG. " On the Theory of Power- 

Supported Gyroscope Horizons"- Periodicals — LkaAamU — — — 
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of a Heavy Gyroscope About a Fixed Point” » Periodical; Erl k 1 a d n i Mataifla t ika 
i . Meffhanika . Yol 16. 19:32. Pgu. 2433-245 • 

51. I. I. METELITSIN • " On the Question of Gyroscopic Stabilization” . 

Periodical: Doklady Akademii Hauk . Yol. B6. 1952. Pgs- 51-34 • 

52. G. 0. Mgj ife.' M 0n the Precession of a Gyroscope Under the 
Inf luence^of an Outer Moment ". Periodical; In fih e ne rn 1 a fa or n Ik . Yol. 1c'. 

1952. Pga. 229-235. 
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1 ^ On the Motion Equations of a Rigid Gyroscope 
Periodical: Prikladnsya Matematika i Mekhanika 


65 . v. v. rumvauiv;^. 

with Liquid-Filled Cavities " . 

Vol. 19. 1955. PCS. 5-12. 

66. P. V. k HARLAMOV. " An Integrable Cq3e o f the Motion Equations 
of a Heav.yT Rigid Gyroscope in a Liquid ’* . Periodical: Prikladnayja Matematika 
i Mecrhanikft . Vol. 19, 1955 • Pgs. 231-255* 


67 . V* V- RUM /AN'VkJ* f " On the Stability of the Propeller Motion of 
a Rigid Body in Liquid Under Conditions According to S. A. CHAPLYGIN " • Per- 


iodical : 


Prikl adnata Matema tika i iM^fianika . Vol 19 . 1955* Pgs. 229-230. 


P. d, VHAHLAHO. . " An Inte^-r^ble . Case of Motion Equations of a 
Heavy, Rigid Body in a Liquid" . Periodical: Prikladnaya Matematika in Me- 
khanika . Vol. XIX. 1355- Pgs* 251-235. 

Tying in with research done by S. A* CHAPLYGIN, a new case is^ 
brought forward , in which the motion equations for a rigid body in an infin- 
itely expanded, ideal, incompressible liquid are integrable . This is a 
case in which the center of gravity of the rigid body does not coincide with 
the center of gravity of the mass of liquid it displaces. Further, there is 
here a generalization of the well known case of LaGrange , for which a certain 
advance motion is no# admitted. The author succeeds in finding the solution 
for nutation angles and procession angles in the form of elliptical integrals. 
For a further simplified special case for this solution, the author examines 
the stability of the motions found, by determining a LIAPUNOV Function. The 
solution for the definity of this function then renders the required stability 
conditions. 

\J a y e RUMV ANTES'* " Qn the Stability of the Propeller Motion of a 
Rigid “Body in Liquid Under Conditions According to S« A. CHAPLYGIN ", Per- 
iodical: Frlklaanav / a Matematika i Meikhanika . Vol. XIX, 1955* Pgs • 229-230. 

CHAPLYGIN has set up the equations for the general motion of 
a rigid body in an infinitely expanded, ideal, incompressible liquid, and has 
shown that, in special cases, four integrals of these equations can be given 
and the problem thereby led back to a quadratic. RUMt/ANTSEVnow states a spe- 
cial solution for the CHAPLYGIN equations, which correspond to the caae of 
a constant propeller motion (screw motion) of a body in liquid. The stability 
of this propeller type motion may now be determined by examining the interfer- 
ence motion. After the pattern of CHETA?EY, the author creates a LIAPUNOV 
Function out of three particular integrals, from which the stability require- 
ments may then be determined by means of the known "Forderungen nach Def init- 
helt”. In special cases of non- progressive motion, these go over into the 
known stability requirements for the case examined by S* V. KOVALEVSKI* 

G. V • 5HIPAN0V. " Gyroscopic Equipment for Blind Flying . Theory , 
Computation and Construction Methods " • State Publishers for the Defense In- 
dus try . Moscow- Leningrad . 1938* 425 pages. Edition 6,000. 

According to the foreword by the author, this book may be re- 
garded as an immediate continuation of and supplement to the book, " Theory . 
Computation and Construction Methods of Aviation fhv fc ha sama 
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V* Vo Rumyantsev ; “The Equations of Motion of a Rjlgid Body Containing 
Hollow Spaces Partially Filled With Liquid", Prikladnaya Matematika i 
Mekhanika, Vol 18 ( 195 b), PP 719-728. 

Zhukovskiy treated the same subject for the case of hollow spaces 
completely filled with an homogeneous incompressible liquid. The author 
expands the earlier investigations by including the case of hollow spaces 
only partially filled with an homogeneous, incompressible, and frictionless 
liquid, which means that there is also a free surface of the liquid. In 
the derivation of the equations of motion, based on the Hamilton principle, 
the following are assumed: 

1) The body is rigid. 

2) A constant pressure prevails in the areas of the hollow spaces 
which are not filled with the liquid. 

3) The components of motion of the body and of the liquid normal to 
the boundary surface of the hollow space are equal. 

Liquid and body are considered a single mechanical system. The pressure 
forces transmitted between the liquid and the bddy at the boundary surfaces 
are therefore internal forces and are not included in the equations of 
motion. In all there are four equations. The first equation expresses the 
theorem of momentum for the forward motion; the second expresses the 
theorem of momentum for the rotation; the third equation is a Euler equation 
of motion for the liquid transformed to the co- involved solid system of 
coordinates ; the fourth equation is the continuity condition for the liquid . 
Generally speaking, the equation system is extremely complicated. It is 
considerably simplified, however, in a few special cases, for example, 
when the hollow spaces within the body are completely filled with liquid, 
or when the body has a fixed axis of rotation, or when certain conditions 
of aymmetry are satisfied for the body or the hollow spaces within it. 



- -1 - 
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Under certain conditions some first integrals of the equations of 
motion can also be given: an energy integral, insofar as forces effecting 
the system have a force function, and an impulse integral, insofar as the 
forces around one of the axes produce no moment* For the case of a 
symmetrical gyroscope with symmetrical hollow spaces within it, for which 
the forces produce no moment around the figure axis, the fact that the 
rotation velocity of the system around the figure axis is constant can be 
computed as an additional integral* 

V. V* Rumyantsev : ”0n the Stability of the Rotations of a Heavy Solid Body 
Around a Fixed Point in the S. V. Kovalevskaya Case", Prikladnaya 
Matematika i Mekhanika , Vol 18 (195*0 1 PP 457-4-58. 

In connection with a completely analogous investigation by Chetayev 
for the case of a Lagrange gyroscope, the author investigates the stability 
of the rotations for the case of the Kovalevskaya gyroscope in which the 
center of gravity lies on an equatorial axis. Following the example of 
Chetayev, he forms a Liapunov function out of the partial integrals of the 
equations of perturbed motions and arrives at the desired stability 
condition because of the demand for definity* This necessary and sufficient 
condition combines the moment of gravity of the gyroscope with the moment 
of inertia around the axis of the figure. The motions in eespect to both 
the rotation components and the cosine of direction of the axis of the 
figure are stable iS the condition is satisfied. 

K. G. Chetayev : "Concerning the Stability of the Rotations of a Solid Body 
Around a Fixed Point in the Lagrange Case" , Prikladn aya Matematika i 
Mekhanika, Vol 18 (195*0, PP 123-124 

The conditions of stability for the Lagrange case are derived for the 
most part from the Euler gyroscope equations. The author attempts to derive 
this condition of stability according to the so-called direct method of 

Liapunov . For this purpose he sets up equations of the perturbed motion 

. - 2 - 
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in respect to the three components of rotation , “Which are fixed in respect 
to a body, and the three cosines of direction of the axis of the figure, 
from which four integrals can be given. A Liapunov function can be constructed 
from these integrals. Out of the demand for the definition of this function 
the known stability condition can be found, which requires for the 
momentum component of the gyroscope around the axis of the figure a minimum 
value depending on the moment of gravity and the equatorial moment of 
inertia. 

V. N. Kbshlvakov : ” Concerning Certain Special Cases of the Integration 

of the Dynamic Euler Equations Connected With the Motion of a Gyroscope 
in a Medium With Resistance”, Prikladnaya Matematika i Mekhanika , Vol 18 
(1953), PP 137-1^8. 

When a gyroscope moves in a medium with resistance, corresponding forces 
are exerted on it. If these forces have certain mathematical relationships, 
the appropriate Euler equations can be integrated. To the already known 
cases of this type (calculated by Krutkov and Bulgakov) the author adds a 
new one. He first treats a slightly asymmetrical gyroscope for which the 
external moments around the main axes of Intrtia are proportional to the 
corresponding components of momentum. The calculation An this case is only 
possible thru an expansion in a power series, in which the assumed small 
relative asymmetry of the gyroscope is used as a parameter of expansion. 

The calculation is carried thru in this case as far as the first approximation* 
The result is that the influence of this asymmetry of the gyroscope is 
insignificant as long as the asymmetry is actually small. 

If the gyroscope is symmetrical, and if the external moments are 
similarly disposed, a strict solution of the equations can be given with 
the aid of the Bessel function. Theoretically, the solution can also be 
given for the case where the external moment is additionally dependent on 
the time. 

- 3 - 
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The case, in which the moment around the axis of the figure is assumed 
to be proportional to the square of the rotation velocity, has a practical 
significance, sinee this case occurs whtn the gyroscope is moving in air. 
The equations of motion can then be solved in an elementary way only for 
definite values of the coefficients entering into the equations. Even 
with a successful solution of the dynamic Euler equations, in all cases 
investigated thus far there remains the difficulty of computing the 
Euler angle out of the Kinematic Euler equations. 

In the last part of the article the author returns to a problem treated 
by him before in regard to the theory of the artificial horizon and brings 
up the question of the errors in indication which can arise with a change 
of the rate of spin of the gyroscope. He is especially interested here 
in the case where the power which drives the gyro is suddenly cut off and 
the gyro runs down. If in such a case an exponential drop in the rate 
of a spin is assumed, a solution can be found with Bessel functions of the 
zero order. In the case of a hyperbolic drop, on the other hend, 
cylindrical functions are obtained. In both cases the result of the drop 
in the rate of spin is a damped motion. 

L. I. Tkachev: ” Concerning the 84 -Minute Period in Systems with Fixed 
and Free Gyroscopes", Prlkladnaya Matematlka 1 Mekhanika , Vol 18 (19^9), 

pp 217-218. 

The author shows that the 84-minute period is not exclusively a 
characteristic of systems in which the gyroscope is pendulous, although 
until now only such cases have been treaty in the literature . 

If an artificial horizon is produced in such a way that the gyroscopic 
couple of a fixed gyroscope is measured and combined with the values of 
two accelerometers in a computer, it can be shown that this system also 
has a period of 84 minutes, if the synchronization is unaccelerated. 

The same can be shown for a system which has a free gyroscope instead 
of a fixed gyroscope. The free gyroscope serves actually only as a basis 
for the two instruments which measure the acceleration components. The 
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gyroscope in this ease has a fixed direction in space independent of the 
earth’s rotation. The horizon indication is a purely mathematical value 
produced from the integrating device. In this case too, with sporadic 
perturbations of the indication of the horizon, a period of 84-minutes 
is obtained. 

This article, which is only two pages long, has a purely theoretical 
significance. 1 No suggestions are given for any practical applications. 

G. A. Slomyanskiy; '’On the Integration of the Equations of Motion of a 
Symmetrical Astatic Gyroscope'!, Prlkladnaya Matematika i Mekhanika , Vol l8 
(1953), PP 411-422. 

The author integrates the equations of motion of a symmetrical, 
astatic. Cardan mounted gyroscope with the use of a reference system which 
is rigid in^ space and conforms to the Cardan suspension. He neglects the 
mass of the Cardan suspension. Although a few first integrals for the 
general — not linearized -- problem can be given, the complete solution 
is attempted only for three special cases. 

A strict solution with the help of elementary functions is possible 
in the case of the force-free gyroscope. The results obtained cannot be 
expanded to larger ranges of tilting of the inner Cardan ring, since the 
influence of the mass of the suspension neglected in the calculation would 
then become considerable. The "clinch-position” of the Cardan mounted 
gyroscope, which occurs when the inner ring is rotated 90°, does not appear 
in these calculations as a singular point. 

In the case of a constant external moment around the inner Cardan axis 
the strict solutions can be given only in integral form. A better 
approximate solution is obtained when the angle of nutation changes only 
slightly. In this way generally valid formulas for the general regular 
precession are obtained, which can still be further simplified for the 
case of the fast spinning gyroscope. 
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Finally the solution of the equations of motion is given for the case 
where a moment around the inner axis depends on the angle of rotation 
around this axis. In this case also only a first integration is possible, 
so that the general solution can oftly be given in integral form. 


P. A. Kuz min: An Addition to the Steklov Case of the Motion of a 
Heavy Gyroscope Around a Fixed Point", Prikladnaya Matematika i Mekhanika . 

Vol 16. (1952),. pp 243 - 245 .. 

The case treated by Steklov in 1899, whereby the motion of an asymmetrical 
gyroscope, in which the gravity point lies on a main axis of inertia, 
is considered. By means of a special extension for the gravity moment 
entering into the Eule^r equations of motion, a special solution is found 
for which the three components of the gyroscope rotation can be expressed 
by the Jacobi elliptical functions. 


V. N. Kbshlyakov : "Concerning the Error of the Gyroscopic Horizon in 
Connection With A Variable Self -Motivated Spin of the Gyroscope Ho ter" , 
Ingenieur -Rundschau , Vol 6 (1950), pp 185-196. 

In the first part of the article the linearized equations for the 
small deflections of the gyroscope are derived, both for a fixed instrument 
and for the case of an arbitrary horizontal motion of the supporting frame. 

In the second part the differential equations for the special case 
are investigated, in which a rapid but small change of the spin, and 
therefore also of the ©rroscopic effect, takes place. The calculation is 
done by two Volterra integral equations of the second order, which are 
solved by iteration. Expansions in a power series are carried out according 
to the assumed small change in momentum, and the higher series elements 
are neglected. The numerical evaluation of the calculations shows that 
the indicating accuracy of the instrument is practically uninfluenced by 
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small changes of the rate of spin. Even with a 5$ change in the rate of 
spin, the errors are still smaller than 10 minutes of arc. 

In the third part the influence of periodically successive changes 
in the rate of spin is investigated. The investigations here likewise 
show that under normal conditions there is no appreciable effect on the 
accuracy of the instrument. In certain practically unimportant areas 
resonance phenomena can be produced, such as are known to occur in systems 
with periodic coefficients. 

V. V. Rumyantsev; "On the Equations of Motion of a Solid Body With Hallow 
Spaces Containing Liquid", Frikladnaya Matenatlka 1 Mekhanlka , Vol 19 
(1955), PP 3-12. 

In connection with articles hy Poincaire and Chetayev the author sets 
up the equations of motion for a gyroscope containing arbitrarily formed 
internal cavities which are completely or partially filled with s 
homogeneous, incompressible, and frictionless liquid. 

The equations are given in three different forms : 

1) a form used by Poincare, but expanded to include arbitrarily formed 
hollow spaces in a system of coordinates which is fixed in respect to 
a body; 

2 ) an expanded form of the Lagrange equations of motion in a reference 
system rigid in space; 

3) a canonical form used by Chetayev, which can he considered an expansion 
of the Hamilton equations . 

Both conservative and non-conservative forces are considered in the 
derivation. Solutions or formulations of solutions for the equations of 
motion are not given. 
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N. N. Bautin : ’’ The Behavior of Dynamic Systems in the Vicinity of the 
Stability Boundaries , monograph in the series "Modem Problems of Mechanics’?, 
State Publishing House for Technical and Theoretical Literature, Moscow- 
Leningrad (19^9) 

In this monograph the author shows how in nonlinear systems the 

question of danger or lack of danger of the stability boundary, produced 

bases 

by a linear treatment of the same system, can be solved. He Iwri® his 
procedure on earlier investigations of Liapounov and shows that the question 
of the danger or lack of danger can be decided by the sign of a "Liapounov 
function" . 

Among his several examples are tow gyroscope problems: a gyro- 
stabilized single track railroad and a ship stabilized for pitch and roll 
by gyroscopes. In both cases the gyroscope is used as a stabilizer which 
produces stabilizing moments directly. The difference between the two 
systems lies in the fact that the containment of gravity in the gyroscope 
system for the single-track railroad is negative (center of gravity above 
the point of suspension), whereas in the case of the ship’s gyroscope it is 
positive (center of gravity below the point of suspension) . 

In both cases the results of the investigations are plotted without 
dimensions. With the single-track railroad there are two critical values 
for the size of the viscous damping around the axis of the frame for every 
value of the gyroscopic moment . Below the smaller value and above the 
larger value the system is unstable. The investigation shows, with the 
help of the Liapounov function, that exceeding the upper boundary is not 
dangerous, but merely leads to vibrations of limited amplitude; exceeding 
the lower boundary is dangerous, however, since there is an increase of the 
amplitudes, and the system changes to another state of equilibrium. 

In the case of the ship’s gyroscope the lower critical boundary value 
for the frame -damping drops out, so that the portion of the stability 
boundary corresponding to the upper value is not dangerous. If this portion 
of the boundary is exceeded, oscillations will build up, but the extent to 
which they can build up depends on the degree to which the boundary is 
exceeded. If the boundary is exceeded only slightly, only very slight 
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vibrations will be produced. A return to within the boundary will bring 
an end to the vibrations. The system is reversible, but exceeding the 
boundary at dangerous portions leads to nonreversible conditions. 

A. F. Khokhlov: "On the Use of a Gyros cope -Magnet as a Course Indicator", 
Ayftomatika 1 Telemekhanika , Vol 8 (19^7) , No k, pp 285-296. 

Here the interesting attempt is made to combine the two traditional 
methods of course indication, gyroscopic and magnetic. In contrast to the 
well-known combinations of this type, wherein the magnetic needle is used 
only as a control for the correction moment, there is in this case a fixed 
connection between gyroscope and magnet. The magnetic north-south direction 
coincides with the rotational axis of the rotor. 

For such a device the author sets up a linearized theory for which 
at the outset a quite special condition must be satisfied. This condition 
combines the gyroscopic moment and the maximum magnetic moment with the 
values for the rotational velocity of the earth, the geographical latitude, 
and the magnetic inclination. The fulfillment of this condition provides 
a simple calculation of the system of differential equations, but it would 
require, for practical application, such an enormous gyroscopic moment, 
that the oscillating system, because of the magnetic containment, would 
have a period of 12 hours at the equator, which would increase to 2k hours 
at 60° latitude. In view of the great difficulties involved tith the 
much shorter Schuler period of Qk minutes, it is obvious that the investigation 
here has only theoretical value . There are no suggestions for a practical 
application of this gyroscopic device. 

One advantage of the fulfillment of the above condition is the fact 
that the position of equilibrium of the gyroscope axis is horizontal and 
forms the mid point between the meridian and the magnetic north-south 
direction, when the condition f = Z 6 (i.e., geographic latitude - magnetic 
inclination) is fulfilled. 

- 9 - 
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When the stated conditions are satisfied, the directional force of 
the instrument is twice as great as that of a standard gyrocompass ; the 
course errors are therefore only half as large under otherwise similar 
conditions . 

Since the gyroscope of the instrument is supposed to he astatically 
mounted, it receives its directional force solely from the moment of the 
magnet connection to it. The instrument considered by the author therefore 
carries out undamped oscillations around its position of equilibrium. 

For the damping of these oscillations the same means are employed which 
have been tested for damping the oscillations of a gyrocompass during 
adjustment . The author does not go into further detail on this subject. 

It is to be expected, however, that the extremely high oscillation periods 
will produce new difficulties in regard to the damping. 


B. V. Bulgakov : “The Compounding of Errors in Gyroscopic Apparatus" , 
Ingenleur-Archiv , Vol 11 (19**0), pp k$l-k69. 

In the study of errors in the gyroscopes of moving vehicles or aircraft 
consideration is usually limited to certain typical forms of motion, such 
as the uniformly accelerated straight-line motion or a circular motion 
with constant velocity. Even though the results obtained in such cases 
are sufficient to judge the applicability of a device, there is always the 
danger that certain combinations of forms of motions will lead to a 
compounding of errors. In this regard the author attempts to find for a given 
gyroscope those motions which will produce a maximum error, and to 
calculate this error. He is successful in doing this for a gyroscopic 


The well-known linearized equations of motion for a gyrocompass 
(Anschuetz -compass) are solved with the aid of operators, whereby the 
earth’s rotation and curvature are taken into consideration. The azimuth 
deflection, produced in addition to the course error by the accelerations 
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of the ship, is obtained in the form of an integral into which the 
corresponding time functions of the ship ’ s maneuvers are entered. For the most 
common case, where the period of a ship's maneuver is small compared to 
the period of natural oscillation of the compass, the integral can be 
substituted by a simpler and more easily evaluated expression. 

From the discussion of the error formula it is clear that the ship’s 
maneuver which produces the largest theoretical error is an alternate 
rapid changing of course from north to south and vice versa. Theeerrdr 
produced in such a case is the sum of a convergent series. For actual 
maneuvers, where the change of course would be much slower, much smaxler 
errors are to be expected. 

The calculations are considerably simplified when the Schuler St- 
minute condition is maintained. The resultant error is then caused 
solely by the damping of the gyrocompass . As a result of the Schuler 
condition, the error is equal to zero for an undamped gyroscope. 

In a practical example with actual figures, already worked out by 
Geckeler, the maximum error is computed and found to be in good agreement 
with the strict value obtained by Geckeler. 

A. A. Krasovskly : "Concerning an Oscillatory Method of Linearizing 
Certain Nonlinear Systems.", Avtomatika i Telemekhanika , Voi 9> Ko 1, P^>. uO 

A theory is developed expressly for the vibration mounting of 
gyroscopic devices, whereby the author bases his work on the general 
theorems derived by Bogolyubov , which state that the behavior of certain 
nonlinear systems in which there are forces of comparatively high frequency 
can be approximated under certain conditions by the behavior of a linear 
system whose characteristic curses have been obtained from the orxginal 
system by a process of interpolation. 

The method is illustrated by two examples (simple oscillator with 
Coulomb friction and a hydraulic servo-motor with a Servo-piston) . The 
author also the results of experiments in which the change of a 

friction force was measured by superimposed oscillations as a function of 

- U' 
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the amplitude of these oscillations. Unfortunately, the text does not 
tell how these experiments weee carried out. 


B. V. Bulgakov and S. S. Tikhmenev s ’’Theory of the Sperry Gyroscopic 


Soiizon With Pendulum-Air Blafet Correction?, News of the Moscow State 


University, Vol 7 (1937), PP 181-199 


The authors present a linearized theory of the Sperry horizon for 
the hollowing moments : 

1) moment of air-blast support, 

2) moments of friction around the two Cardan axes, 

3) disturbing moments of gravity in the case of such great path 
deviations that the control pendula are deflected. 


Theesolution of the linearized equations is accordingly carried out 
in four different zones: 

1) very smai 1 course changes within which the correction moment is 
smaller than the friction moment; 

2) the range adjacent to l) up to a complete opening of the control 
slit by the pendula; 

3) the range in which the pendula release the control slits 
completely, but do not reach maximum deflection; 

k) large course deviations after maximum deflection of the pendula. 

The solution to range 4) is not carried out, but simply stated 
qualitatively. 

The second part of the article treats disturbing influences such as 
the changes of indication resulting from the earth’s rotation and speed 
of the aircraft. In the came of the latter, only the longitudinal 

accelerations are investigated in detail, whereby a table of possible 

■ -) 

yna vtimim horizon errors is given for the case of constant longitudinal 
acceleration and a given maximum flight velocity. The case of curved 
flight is mentioned only briefly 
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Goryachev investigated the motions of a gyroscope whose main moment 
of inertia satisfied the condition A = B = 4-C and whose center of gravity 
lies in the equatorial plane of the inertia ellipsoid. Chaplygin produced 
a generalized integration of the Goryachev case with the use of ultra- 
elliptical integrals. The Goryachev-Chaplygin results are now treated 
in detail for a specialized case in which a gyroscope has received a large 
initial moment around a main axis of inertia which passes thru the center 
of gravity. The motions are then analogous to the so-called pseudo -regular 
precession in the case of the Lagrange gyroscope. 

The expressions in the Chaplygin integrals are developed in series, 
wherein the higher members can be neglected because of the assumption of 
a large initial moment. The most important result of the investigations 
is the fact that the gyroscopic axis, about which the moment takes place, 
oscillates with a decreasing and then increasing amplitude (vibration). 

The oscillation frequency is thus proportional, and the vibration frequency 
inversely proportional, to the initial natural rotation of the gyroscope. 
The natural rotation itself changes in time with the vibrations. 

G. 0. Fridlender: "On the Precession of a Gyroscope Under the Effect of 
an External Moment”, Ingenieur -Bunds chau , Vol 12 (1952), pp 229-233. 

Since investigations on the effect of external moments on a gyroscope 
generally are limited to the behavior of the gyroscopic axis, i.e., one 
of the three main axes of inertia, the author investigates the motion of the 
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The numerical evaluation was carried out for an original Sperry 
Instrument • 


hi N. Sretenskiy: "The Motion of the Goryachev-Chaplygin Gyroscope." 
(dedicated to the memory of S. A. Chaplygin), News of the Academy of Sciences 
of the USSR, Department of Technical Sciences, No 1 (1953), pp IO9-II9. 
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instantaneous axis of rotation and the likewise instantaneous axis of 
momentum. He limits himself to the case of the rapid moving gyroscope which 
is supported at its center of gravity. 

Under the effect of any external moment acting upon the gyroscope, 
the well-known motions of the gyroscopic axis on a point-, loopj or 
wave-cycloid are produced, according to the chosen initial conditions. 

The author gives for these cases the corresponding motions of the 
instantaneous vector of rotation and vector of momentum. The drawings 
given for these cases do not appear to he very reliable, since, for example, 
one point cycloid is obviously erroneous* 

The author mentions the interpretation of Klein and Sommerfeld for 
the case of the pseudoregular precession, which, similar to the case of 
Poinsot, describes the motions of the gyroscope by the rolling of a sphere 
which is fixed in respect to a body on a sphere which is rigid in space. 

From these considerations it may be concluded that the moment due 
to the friction of the air acting on an erratic free gyroscope causes the 
gyroscopic axis to rise upward, just as the moment of friction of the 
point on th?a base. 


M 


1 


Ya. N. Roytenberg: "Self Oscillations of Gyroscope Stabilizers 
Prikladnaya Matematika i Mekhanika, Vol 11 (19^7) > PP 271-280 


Here the behavior of a gyroscope stabilizer is investigated, in which 
a Cardan- suspended gyroscope during precessions around the inner Cardan 
axes activates a potentiometer which, via an amplifier, turns a 
stabilizing motor.. The motor provides a moment around the external Cardan 
axis; this moment imparts to the stabilized system joined with the external 
Cardan axis a certain insensibility toward external perturbation moments. 



X 
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The author investigates the ease where the potentiometer has a 
black-white characteristic of the form S sign A , whereby is the 

angle of rotation of the gyroscopic system around the inner Cardan axis. 

The calculation itself is carried out linearly by area, and the individual 
solutions then are bunched at the transition point. By entering the 
condition of periodicity a periodic solution of the system can be found, 
for which the stability is determined by investigating a system of differential 
equations . 

From an example worked out with actual figures by the author, it is 
evident that the investigations concerned rather large objects, such as 
are used in the navy, for from the given data it is evident that the 
stabilized system has a weight of between 2 ton and 1 ton, and the 
gyroscope itself might weight about 20 kilograms. The stabilizer motor 
has a rated current of 6 amperes and produces a stabilized moment of 

0. 45 kilogram. 

1. I. Metalitsyn: "On the Question of Gyroscope Stabilization 1 ?, Doklady 
Akademii Hauk SSSR, Vol 86 (1952), Ho 1, pp 

In the investigation of stability according to the Kurwitz method, 
the influence of individual types of forces on the stability cannot be 
overlooked. The author thus separates his linear system in such a way that 
the various forces (inertial forces, dissipative forces, gyroscopic 
forces, conservative forces, and intrinsically nonconservative forces) 
are entered independently in the stability equation. In this way, he 
obtains six general rules, which can be of great advantage in the projecting 
of dynamic systems. 
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1) When a conservative system is statically unstable, it can not be 
stabilized by the addition of intrinsically nonconservative 
forces (without dissipative and gyroscopic). 

2 ) Wh^n a conservative system is statically stable, the adding of 
intrinsically nonconservative forces can make the system unstable. 

3) An intrinsically nonconservative system can be stabilized only 
if gyroscopic and dissipative forces are added simultaneously 
to the effective forces. 

4) A statically unstable system can be stabilized, if dissipative, 
gyroscopic, and intrinsically nonconservative forces are added 
simultaneously to the effective forces. 

5) If the condition of stability is satisfied, and if the gyroscopic 
forces are superior to the other forces, the oscillation 
frequencies of the system separate, that is, the one becomes 
relatively large, the other relatively small. 

6) If the stability condition is satisfied, and the gyroscopic 
forees are superior, the oscillation with the larger frequency 
will be more strongly damped than the oscillation with the 
small frequency. 


D. G. Topel*bert: Electronavlgational Instruments . State Publishing 
House for Water Transport, Moscow-Leningrad (1950) , 428 pages, 3000 copies, 
prices 17.60 rubles. 

This book, written by a captain in the navy, serves as a text at 
the advanced training schools of the navy. The greater part of the book 
(276 pages) is devoted to the gyroscopic instruments used in navigation, 
chiefly the gyrocompass . The two other sections deal with the Echolot 
(fathometer) and log. 
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The Introduction to the gyroscope theory in the first chapter is 
quite extensive, in view of the purpose of the hook. The theoretical 
considerations are based chiefly on ’’technical" gyroscope equations. The 
equations of approximation used are those usually employed in the 
consideration of "small oscillations". They are not derived directly here, 
hut obtained indirectly hy means of a linearization of the generalized 
Euler equations. The mass of the Cardan rings is neglected, and it is 
assumed that the vector of rotation deviates only slightly from the 
pronounced main axis of inertia. The precession and the effect of brief 
disturbances are then investigated on the basis of these simplified 
equations. For later investigations an expansion of the equations of 
approximation for rotating systems of reference is necessary. 

In the following three chapters (2 to 5) a rather detailed theory 
of the first approximation is presented for a gyrocompass damped by an 
eccentrically suspended pendulum and for a gyrocompass with dqmping tanks. 
Then the behavior of the gyrocompass on a moving ship is treated, and 
the theory of the course error and the acceleration error iscdeveloped. 

The condition (Schuler) for an acceleration -free period-adjustment 
(84-minute principle) is also derived. The question of counteracting the 
ballistic deviation of the first type leads to the necessity of adjusting 
the undamped instrument to a natural oscillation period of 84 minutes. 

The question of counteracting the ballistic deviation of the second type 
leads to the necessity of either using an undamped instrument, or of 
cutting off the damping during maneuvering (changes of course and speed). 

The quadrantal error of the gyrocompass is also investigated, and 
methods of correcting it axe shown. These observations are, however, 
more qualitative than quantitative. 

Essentially, the theory developed in the book is based on that of 
the well-known text on gyroscopes by Krylov and Krutkov (1932) . 
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All the values which can he used to judge the operation of a gyrocompass 
cure compiled in a table, and methods are indicated wherry the individual 
values can he determined by laboratory tests. degree of accuracy 

required in these cases is ^ 0.1° for laboratory work and ^ °* 2 ° to 
9. 3° for work on an anchored ship. 

Chapter 6 presents an elementary theory of the artificial horizon, 
but only insofar as the horizon is maintanied by means of a gravity 
moment. This theory suffices for the Fleuriais gyroscopic sextant 
described in the book. 

There is also a brief discussion of a gyroscopic device with which 
the geographical latitude can be measured. The operating principle 

is based on the fact that the indications of both the gyrocompass and 
the artificial horizon are functions of the geographical latitude ^ . 

If the exact heading and the exact horizon are known from another source, 
the geographical latitude can be determined from the difference. It 
is emphasized, however, that such instruments are not yet sufficiently 
accurate for use in navigation. 

In Chapter 7 the designs of two gyrocompasses are given in great 
detail. The first one described is a single -gyroscope compass, 
presumably built in the USSR. Its rotar has a diameter of 25 centimeters 
and weights about 23 kilograms, and is thus much heavier than the single- 
gyroscope compasses of ether countries. The gyroscope system is 
suspended in a very interesting manner by means of wires, and is 
provided with guide bearings and a vertical control system, which 
compensates any return moments resulting from the twisting of the 
suspension wires. Damping tanks of the usual type are used. The course 
error is eliminated by a special "corrector", which used the speed and 
geographical latitude as initial data. 
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The second gyrocompass is the two -gyroscope "spherical compass" of 
Anschuetz and Company (the firm is not mentioned* however) . The three- 
gyroscope compass is not mentioned. 

The following chapters deal with the installation of the gyrocompass 
an bojrjad ship, testing the installed compass, and evaluating the obtained 
data. The discussions embrace all the instruments connected directly 
or indirectly with the gyrocompass, such as repeaters, current -supply 
equipment, course recorders, flight recorders, and autopilots. 


Ya. L. Geronimu s: Survey of the Works of the Classicists of Russian 
Mechanics , State Publishing House for Technical and Theoretical Literature, 
Moscow (1952), 519 pages, 5000 copies, price 22.75 rubles. 

This book is a valuable contribution for two reasons. First, it 
gives a brief but clear survey of many works which would be difficult to 
compile and review individually; secondly, the work based on the classics 
in Russian mechanics is followed down to very recent times (about 1950), 
thus an extensive and valuable bibliography is supplied. 

In the chapter on S» V. Kbvalevskiy, in addition to a discussion of 
the "Kbvalevskiy case" (a special case of the heavy symmetrical gyroscope), 
the other classical cases are discussed, in which an integration of the 
equations of motion for the ordinary gyroscope was possible. There are 
also brief discussions of the works of Euler-Poinsot, Lagrange, Appelrot, 
Bobylev -Stcklov, Hess, Goryachev -Chaplygin, and of the investigations 
made by Bukovskiy with a gyroscope in a liquid. Especially interesting 
in this case is the analogy between the curvatures of an upright wire 
with- an elliptical cross section subjected to a force and a moment at 
the free end and the motions of the usual asymmetrical gyroscope. 
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In the chapter on Steklov the work on the gyroscope turning in a 
liquid is discussed, and a corresponding survey of later works on this 
theme is given. These purely analytical-mechanical investigations have 
not been continued in recent times; nor are there any known practical 
applications of this theory. 

The chapter on Kryl° v gives only a brief description of the work 
which is presented in great detail in the book by Krylov and Krutkov . 

Ya. V. Linnik and V. S. Novoselov: ’’Random Disturbances of the Regular 
Precession of a Gyroscope", Prikladnaya Matematika i Mekhanika, Vol 18 
(1953), PP 361-368. 

Over half of this article is devoted to purely mathematical 
investigations on the probability distribution of the solutionssofaa 
system of differential equations. These investigations are finally 
applied to the case of the regular precession of a symmetrical gyroscope, 
whose moments of inertia and gravity are subject to certain random 
changes . A Gauss distribution is assumed for these changes . 

Formulas are given with which the density of probability for the 
deviations of the gyroscope motions from the regular precession can be 
computed from the corresponding matrices of correlation. 

V. V. Golubev : Lectures on the Integration of the Eq uations of Motion 
for the Rotation of a Rigid Body Around a Fixed Point , State Publishing 
House for Technical and Theoretical Literature, Moscow (1953), 287 pages, 
8000 copies, price 6.15 rubles. 
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This book represents an expansion of lectures delivered at the 
University of Moscow. It is called by the author a continuation of the 
booh on the analytical theory of differential equations (published in 1950) 
and concerns the application of the methods of the theory of analytical 
functions and the analytical theory of differential equations to the 
classic problem of the rotation of a rigid body around a fixed point. 

The author states that his special task is the application of modem 
analytical methods to practical cases. In this connection he quote. 

Chekhov, who once said, "If a pistol is drawn in the first act of a 
play, it should be fired by at least the third act." The author draws 
up some heavy artillery, such as the theory of elliptical, hyperellipticai, 
and ultraelliptical functions, Abel integrals, and Riemannian spaces, 
and lets go with a loud noise. The book deals much more with mathematics 
than with physics; at many places mathematical problems are treated witch 
have nothing at all to do with the gyroscope. In many instances it is 
evident that the author's preference for mathematical analysis does not 
necessarily represent the shortest path toward a solution of the problem 
at hand. 

To a certain degree the book is a tribute to S. V. Kbvalevskiy, 
since references to the work of Kbvalevskiy both in the introductory 
historical survey and in the text itself are inordinately frequent. 

In the final chapter the author even cites and discusses portions 
of correspondence with Kovalevskiy. The basic idea, with which Kbvalevskiy 
obtained the classical results, is developed in detail by the author 
and presented in the light of modem analytical methods. This idea is 
that in the solutions of the equations of motion the time can be 
considered a complex value, and thus the theory of functions can be 
drawn upon for the solution of the problem. 
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In comparison with the detailed treatment of the Kbvalevskiy case, 
the well-known other cases, in which the basic equations oftthe gyroscope 
can he integrated, are treated ofrly briefly* These cases ares 

1$ Euler - Poinsot 

2) Lagrange - Poisson 

3) Hess - Appelrot 

4) Goryachev - Chaplygin 

5) Bobylev - Steklov * 

In all these cases special assumptions are made concerning the form 
of the inertia ellipsoid or the position of the center of gravity, 
or both, to the extent that a fourth integral can be added to the well- 
known three integrals of the equations of motion, and the solution traced 
back to a quadrature. Under such conditions, elliptical integrals appear 
again and again, and the reversal of them leads to the solutions. 

More than 50 pages of the book are devoted to these reversals of elliptical 
integrals . 

On the whole, the book can be considered a presentation of the 
classical integrable cases for the motion of a gyroscope in the light of 
modern methods of mathematics. 


V. A. Pavlov : Principles of Design of Gyroscopic Instruments , State 
Publishing House for the Defense Industry, Moscow (1946),' 6000 copies, 

223 pages, l6 rubles 

This textbook of the Institute of the Aircraft Industry is intended 
for designers who are concerned with the development of gyroscopic devices. 
The author, therefore, presents a compilation and summary of the many 
methods which have been developed for the design of small and light 
gyroscopic devices, in order to save many designers the trouble of solving 
partial problems which have already been solved in principle. 
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After a short historical introduction, the first five chapters deal 
with a broad but not always clear introduction to the general gyroscope 
theory. For instance, on pages 33 to 35 there is a superfluous and 
much too Involved derivation of the general theorem of the conservation 
of areas. The theory is developed to such an extent that the equations 
of approximation, which apply for small deviations in the gyros cop is 
axis and which are sufficient generally for the calculation of gyroscopic 
phenomena and gyroscopic instruments, are derived. No special theory 
for gyroscopic instruments is given, but in the later chapters there is 
an explanation of the methods by which certain individual parts of 
gyroscopic instruments can be calculated. 

Chapter 6 presents a general survey of the various uses of the 
gyroscope, without going into great detail. Only foreign designs are 
discussed. The gyrocompass, the first gyroscopic device to be put to 
practical use, is mentioned only briefly, since the book is written not 
for the navy but for the air force. The most varied designs of directional 
gyros are discussed in great detail. Along with the discussions of such 
types as Anschuetz, Obry, Sperry and Brown, there are also descriptions 
and partial data given on instruments made by Ach, Hartmann and Braun, 
and the gyroscopic control instrument for guns made by Krupp. The basic 
behavior of these instruments, especially the deflection caused by the 
earth’s rotation, is discussed. The single -track-railroad gyroscope of 
Shilovskiy is the only gyroscopic stabilizer mentioned. Of special 
interest are the descriptions of two test gyroscopes, both referred to as 
"accelerographs", but which do not actually measure accelerations. The 
one is a free gyroscope with three degrees of freedom, which is used to 
recorddthe angle of rotation; the other is simply a turn indicator 
(gyroscope with two degrees of freedom and spring mount), with which the 
turning speed can be measured. 
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The following chapter deals with the subject of methods of powering 
the gyroscope, and the advantages and disadvantages of the various methods 
(pneumatic drive with Venturi tube or pump, electric drive with direct 
or alternating current) are compared. The author comes to the 
conclusion that the use of three-phase alternating current is best, 
because of greater accuracy, constant speed, more rapid attainment of 
full speed, and the fact that no heating is necessary. 

Special importance is then ascribed to the "choice of the principal 
scheme" of the gyroscopic devices. Using a directional gyro with a rated 
accuracy as an example, the author shows how data on the physical 
properties of the rotor and ball bearings can be applied to obtain a 
minimum value for the momentum, at which the required accuracy ban be 
maintained. An attempt is made to summarize the various designs of the 
past decades as a basis for predicting the trends and needs for the 
future. Only foreign designs are again mentioned here in respect to 
actual practical examples. 

The remaining chapters are devoted to the individual parts of 
gyroscopic instruments. In the discussion of the rotors the influence 
of air- and bearing friction is considered, and a detailed analysis of 
the various cross-section forms and dimensions is worked out. Although 
the designs mentioned here are again exclusively foreign, there are figures 
given in various tables and charts for unidentified gyroscopes, which 
may possibly be of Russian design. Two of these gyroscopes are small and 
relatively light (7lfc and 788 grains), whereas the other three are 124 
and 136 millimeters in diameter and weight from 2.9 to 3-3 kilograms. 

The problem of material for the rotor and the calculation of the strength 
and critical speed of the rotor shaft are investigated. 
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The ninth chapter, the largest in the hook, deals with the problem 
of bearings for the rotor and the Cardan rings. Detailed calculations 
of ball bearings and pivot bearings are given, and data is compiled on 
the friction, tolerances (axial and radial) and strength of all types of 
ball bearings. A fe&ble for Russian ball bearings is also given. The 
problem oijbearing size, which is difficult because of the lack of 
knowledge of the expected stresses of the individual atfes, is facilitated 
by the compilation of emperical data (table on page 137) • 

In the discussion of the Cardan suspension attention is paid chiefly 
to the problem of reducing the friction by means of pivot bearings. A 
great number of designs are discussed, most of which are foreign. The 
effects of bearing friction and tolerances, which are extremely Important 
in a Cardan suspension, are treated in the tgxfc and in diagrams and tables. 


r/ 

-h 


Chapter 10 contains a discussion of the most varied types of correction 
devices which are necessary either for compensating the effect of the 
Earth's rotation on the gyroscope or for maintaining a given direction 
with the aid of a magnetic needle or a pendulum. The difference between 


the indicators which determine the deviations from the desired position 
and the members which provide the correction moments is emphasized. 

The various types of correct ion -moment producers and their advantages 
and disadvantages are discussed, and their characteristic curves are 
presented in diagrams . 

The last two chapters treat the power supply equipment and the 
controlling gear. This is a very well organized compilation of otherwise 
widely scattered information on the friction of sliding-, brush-, and 
roller contacts and the contact resistances of the various types of power 
supply. Presumably the data represents the results of Russian investigations, 
most of which were carried out on foreign equipment . . 



^ } 
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In the discussions of controlling gear one unidentified design stands 
out as especially primitive and is possibly a Soviet model* All the 
other items of controlling gear mentioned are the well-known instruments 
of Sperry, Siemens, Anschuetz, and Qhry. The calculation of the stresses 
which controlling gear must assume is also important* 

The book presents a systemmatic compilation of data which is of 
great value to the designer* Even though the dessriptions of Soviet 
instruments or parts of instruments are infrequent, they do point to the 
basic trends in Soviet gyroscope development. 

Handbook for the Designer of Precision Instruments (Spravochnik 
Kbnstruktora Tochnykh Priborov), I. Ya. Levin, Editor, State Publishing 
House for the Defense Industry, Moscow (1953) > 6l6 pages, price 23 rubles. 

This extensive handbook contains a great deal of important details 
for the designing of gyroscopic devices. Especially important are the 
nearly 100 pages of data on the various types of Soviet ball bearings, 
which include not only the usual norms but complete information on the 
friction and tolerances of special bearings of the tjtpe used in 
gyroscopic instruments. 

A. I. Nekrasov: A Course in Theoretical Mechanics , State Publishing 
House for Technical and Theoretical Literature, Moscow-Leningrad (19^5- 
1946), 2 volumes, 355 pages and 456 pages, price 9-50 rubles and 14.50 - 
rubles . 
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Only a very small part of this textbook for the higher technical 
schools and universities contains information on the gyroscope theory. 
Kinematics is treated only briefly in the first volume. The second 
volume presents a somewhat more detailed presentation of the concepts of 
moment of inertia, inertia ellipsoid, energy-, and momentum ellipsoid, 
but the actual gyroscope dynamics is limited to a brief treatment of 
the Euler case of the force -free asymmetrical gyroscope and the Lagrange 
case of the heavy symmetrical gyroscope. In the first instance, the 
procedure is exclusively that of Poinsot without the use of elliptical 
functions. In the second case, the solution is indicated, but not 
carried out . 

There is a brief account of the various uses of the gyroscope. 

V. N. Okunev : The Free Motion of the Gyroscope , State Publishing House 
for Technical and Theoretical Literature, Moscow-Leningrad (1951); 

379 pages, price ih rubles. 

The book deals with the motions of a gyroscope with three degrees 
of freedom rotating around a fixed point in a coordinate system. The 
investigations are carried out in an analytical form and in keeping with 
the classical gyros cop^heory. The Euler angles are used for the most 

part to describe the motions of the gyroscope, but the designation 
"swing angles" is also used, which offers certain advantages in the 
investigation of small oscillations of the gyroscope. 

The book treats only a part of the classical .gyroscope theory, 
however, but the material presented is fully treated. In his endeavor to 
provide a full treatment, the author frequently includes material which 
■nnf. rmi ovon t . fphe exp&nsiveness of the book is due in part 
to the fact that the author presents each formula in its most explicit 
form and frequently repeats a formula given earlier in the text instead 
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of merely referring to it . There are places in the text where groups of 
formulas are given, which are quite imposing, hut not necessarily distinct. 

The presentation itself, however, is generally quifee clear and understandable . 


In the first part of the book both the well-known connections between 
the Euler angles and those of the "swing angles" and their connections 
with the Euler angles are to ge found. The fact that the so-called 
’’regular precession" is defined kinematically only and treated flully in 
the introductory chapter is unusual. Epicycloidal, pericycloidal, 
hypocycloidal, and anticycloidal motions are investigated. 

In the discussion of the asymmetrical gyroscope the author avoids a 
presentation of the Poinsot motions and gives only the usual integration 
of the Euler equations with the aid of the Jacobi elliptical functions . 
The solutions are then simplified for certain special forms of the 
inertia ellipsoid and discussed. 

The greater part of the book^ deals with heavy symmetrical gyroscopes. 
The free gyroscope (center of gravity above the support point) and the 
pendulous gyroscope (center of gravity below the support point) are 
treated separately. The influence of friction on the motions of the 
gyroscope is treated in particular detail, whereby three different cases 
are distinguished: 

1) The friction moment is perpendicular to the gyroscope axis and 
proportional to rotation speeds of the gyroscope axis; 

2) The friction moment is in the direction of the gyroscope axis 
and is proportional to the intrinsic rotation velocity of the 
gyroscope axis; 

3) The vector of the friction moment has both an equatorial and 
axial component 
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Unfortunately, these extensive investigations cannot he applied 
directly to the conditions for a Cardan suspended gyroscope, since the 
"swing angles" used are not identical with the angles at the Cardan 
Suspension. As indicated in the preface, the author is more concerned with 

the application of his theory to the motions of free-flying rotating 

missiles. Ail these investigations in which the friction is taken into 
account are simplified to the extent that only small deviations of the 
gyroscope axis from known motions are assumed. 

The last part of the book contains a series of results and diagrams 
of trajectory Curves which are not to he found in other hooks. 


T.. G. Loytsyanskiv and A. I. Lur'ye : A Course in Theoretical Mechanics, 
State Publishing House for Technical and Theorttcal Literature, Moscow- 
Leningrad (1948), 2 volumes, 399 pages and 580 pages, price 13 rubles and 
18 rubles. 

This extraordinarily extensive textbook on theoretical mechanics, 
which is widely used in the Soviet Union, contains a seventy-page 
treatment of the gyroscope theory which includes some applications of the 
gyroscope in practical, use. 

In the first volume of the work kinematics is treated in the usual 
manner, except that there is an unusual amount of vectorial presentation, 
which provides in many places a degree of clarity to otherwise cumbersome 
formulas . Here too, the most general case of the motion of a rigid body 
(combination of rotation and translation) is investigated. 

After introductory discussions of centrifugal- and inertia moments and 

energy and momentum on rotating rigid bodies the second volume presents 

a theory of approximation for gyroscope phenomena, with the aid of which 

certain technical applications (Obry-s gear, nautical gyrocompasses by 

Schlick and Sperry, single-track railroad of Scherl, Shilovskiy and 
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Brennan) are investigated. This theory is limited to the symmetrical 
gyroscope. For the asymmetrical gyroscope only the well-known Euler 
equations are derived, but not integrated. 


The case of the heavy symmetrical gyroscope is considered for ’small 
oscillations” , and this theory is applied to the motions of rotating 
missiles . 

Much interesting and important material is to be found here on the 
gyrocompass, gyroscope single-track railroad, and the investigation of 
the edge-runner mill. 



Automatics and Telemechanics , State Publishing House for Power Engineer ii 
Literature, Moscov-Leningrad ( 1953 ), **32 pafces, price 9-75 rubles. 

This is a textbook for engineers and technicians in the field of 
automatics. It contains descriptions and elementary calculations of the 
predominantly electrical components which are found in servo mechanisms. 
Since many of these components are used in gyroscope instruments, these 
descirptions have a certain importance. Some of the subjects treated 
are: 

Potentiometers 
inductive oscillators 

i 

capacitive oscillators 
piezoelectric oscillators 
relays 

electromagnetic couplings 
miniature motors 
torque -producing elements 
machine amplifiers (amplidyne) 
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magnetic amplifiers 
tube amplifiers 
photoelectric amplifiers 


selsyns 


magnesyns 

bolometers 

self balancing bridges 


Data is not given for all these components, and it is not evident 
from the description whether the products are of Soviet or foreign 
manufacture . 


A. |fg Bog^ Qn oV"Cherrin i Mechanics in Aeronauti cal Engineerings State 
Publishing House for the Defense Industry, Moscow (1952 ) > ^3 pa&es, 
price 11.65 rubles. 

This is a textbook for aeronautical engineers, technicians and 
mechanics. It presents an elementary introduction to mechanics by means 
of examples from the field of aeronautical engineering. Since the booK 
is intended for students with only a Soviet intermediate school education, 

no differential calculus is included. 

The astonishing thing about this book is the fact that the gyroscope, 
which has such a wide application in aeronautical engineering, is not 
mentioned at all, with the exception of a completely elementary example 
of kinematics. This fact is all the more astonishing since the gyroscope 
laws and some simple applications of the gyroscope are treated in the 
Soviet intermediate schools . 
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G, K, Suslov ; Theoretical Mechanics , State Publishing House for Technical 
and Theoretical Literature, Moscow-Leningr&d (1946), 655 pages, price 
25 rubles. 

This textbook on theoretical mechanics contains an astonishingly 
detailed (117 pages) account of the general gyroscope theory. Much of the 
material presented here is to be found only in the handbooks . The 
desctjfcption is limited to purely theoretical considerations, and no 
attention is paid to pr Optical applications. 

In the introductory chapters the equations of motion of a rigid body 
are derived in the most generally valid form (6 degrees of freedom, various 
types of coordinate systems and various necessary conditions). These 
equations are then simplified for the well-known classical special cases 
and integrated. 

These cases are* 

1) the Euler gyroscope (i.e., the foree-free Poinsot and 
McCullagh motion); 

2) the Lagrange gyroscope (a heavy symmetrical gyroscope, whose 
center of gravity lies on one of the main axes of inertia); 

3) the spherical gyroscope (i.e., a gyroscope whose three main 
moments of inertia are all equal) ; 

4) the Kbvalevskiy-gyroscope (i.e., a symmetrical gyroscope with 
quite special inertia ellipsoid and with the center of gravity in 
the plane of symmetry); 

5) the Hess gyroscope (an asymmetrical gyroscope with quite special 
location of the center of gravity and special initial momentum); 

6) the Bobylev-Steklov gyroscope (in which hhe moment of inertia 
around the main axis, on which the center of gravity lies, 

is twice as great as one of the two other moments of inertia). 
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Ta the treatment of all of these cases well-known principles or 
effects are often ^given little known designations — a phenomenon which 


is extraordinarily frequent in Soviet literature. 

Non-holonomic systems are also treated. For example, a general 
formulation of the d'A$ert principle for this case is given, and a very 
general case of the sphere rolling on a space is treated, whereby a 
coordinate system rotating with, the curvatures of this space is used. 
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BOOK REVIEWS 

German manuscript 

Ye. L. Nikolai : Giroskbp i nekotoryye yego tekhnicheskiye 
primeneniya [The Gyroscope and Some of Its Technical 
Applications] , with comprehensive introduction., State 
Publishing House for Technical-Theoretical Literature, 
Moscow-Leningrad, 19^7 > 1$2 pages, first edition, 

15,000 copies, price 2.25 rubles. 

This small book; is one of a popular scientific- technical 
series which are published in the Soviet Union in large numbers 
and in many editions. It contains an elementary theory ot simple 
gyroscopic phenomena as well as of a series of gyroscopic devices. 
According to the author’s preface, the book directs itself primarily 
to such technicians and mechanics who do not possess special mathe- 
matical or physical training, but who deal with gyroscopic devices. 

For readers with some higher training, considerations are inter- 
spersed in notes at various points of the text, which however are 
also fully elementary in scope. The" attempt to explain the simplest 
gyroscopic phenomena (precession and gyroscope moment of a directed 
gyroscope) without use of the impuse law ana without explaining the 
vector concept leads partly to quite tedious and by no means clear 
explanations. 

In the discussion of the gyroscope, in addition to the generally 
known devices (Obry’ s torpedo, Howell’s torpedo, gyroscopic course 
indicator, tum-and- bank indicator, monorail, gyrocompass, and arti- 
ficial horizon), a device is mentioned which is designed for use in 
airplanes , and wl th whose ai d pi ten and yaw may b e de termined. 1 1 
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simply involves a built-in horizon displaced by 90 degrees and 
possesses a somewhat different indicating installation. Particu- 
lars as to whether this device is being built in the Soviet Union 
are lacking. In the discussion of the monorail one learns that dur- 
ing the twenties the construction of an experimental line between 
Leningrad and Gatschin was planned. This project, however, was 
never carried out since the preliminary experiments were unsatis- 
factory. 

The gyrocompass, to which' the author devotes an entire 
chapter, is explained very thoroughly and broadly in the Sperry 
design form. The mode of operation of the two damping methods 
(eccentrically guided pendulum and antirolling tank with mercury) 
is explained in detail. It is rather surprising that during the 
otherwise quite detailed discussion of the various errors (course 
error and acceleration error) the rolling error is not mentioned at 
all, and nothing is said about the triple gyrocompass. ~ 

v e „ t. Nikolais Teoriya giroskopov [The Theory of Gyroscopes.) . 
State Publishing House for Technical- Theoretical 
Literature, Moscow-Leningrad 19U8, 171 pages, Tirst 
edition, 10,000 copies. Price 6 rubles. 

The book provides a short, more or less elementary theory 
of gyroscopic. phenomena with consideration given to various applica- 
tions of the gyroscope. It presents a revised and extended version 
of gyroscopic theory found in the author's textbook on theoretical 
mechanics. The presentation is very broad and detailed, yet quite 
comprehensible as is frequently encountered in Russian textbooks. 

The. following are noteworthy in the treatment of the gyroscopic 
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theory. 

1. The use of generalized Euler equations (Section 8),. i.e. 
of gyroscopic equations which are -written in an arbitrary reference 
system not fixed with respect to a body^ '.Kcir useiproyides ad- 
vantages in the treatment of many applications of the gyroscope. 

2. The use of a complex calculating method (Sections 28 
and 35) for the theory of the symmetric gyroscope, which, although 
not new, is not commonly used. 

3. A theory of the gyroscope mounted on gimbals (Chapter VI ) 
in which the mass of the girabsl rings is considered. The equations 
are derived, however, no solutions are investigated. 

A rather detailed description and theory of the various 
gyrocompass designs is presented in the treatment concerning the 
applications of the gyroscope, in addition to a series of smaller 
examples (grinding pressure of edge-runner mills, suspension reac- 
tions of unbalanced rotors, gyroscopic forces of rotating machine 
components on vehicles). The problem of damping is examined in 
greater detail and an elementary derivation of the course and 
acceleration error is also presented. The Schuler 84-minute 
principle is briefly mentioned in this connection, however without 
indication of closer details. The last chapter treats Hie question 
of the critical rates of revolution of elastic waves taking into 
account gyroscopic effects. 

V. M. Shlyandins Elementy avtomatiki i telemekhaniki 

[Elements of Automation and ServomechanicsJ , State 
Publishing House of the Defense Industry, Moscow, 1952,, 
U35 pages. Price 11.85 rubles. 


This textbook, written for the training of aircraft- 
instrument engineers, contains a series of subjects which are also 
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significant to gyroscope technology. Chapter II contains a fletailed 
survey of the various types of pick-ups including the methods used 
for calculation (for example, resistance transmitter, inductive, 

capacitive, and photoelectric pick-ups). Special problems, as for 

example the construction of transmitters, with specified character- 
istics (sine- or cosine-characteristic) are also treated. 

A gyro-induction compass is described in Section X,2. 
According to the author's information the latest (1952) designs of 
the induction-compass are included. These consist of a system of 
three inductive transmitters, each displaced by 60 degrees of the 
other and each respond to the earth’s magnetic field. The only 
function of the gyroscope is to maintain the three transmitter 
elements in a horizontal plane. It is loosely stated that the 
gyroscope is used as a yaw and roll gyroscope without indicating 
principles or constructive details. By use of the gyroscope, 
pivoting of the transmitter elements around the horizontal axes is 
avoided and thus the northerly turning error is almost eliminated. 
The gyro-induction compass possesses a guaranteed accuracy 01 ± 2 
degrees. 

As described In Section X,3' this compass is also used as 
measurement transmitter of an automatic pilot. By means of this 
device the path of an airplane may be determined by integration of 
the pertinent values of course, speed, and wind-force and direction 
The pertinent location is directly indicated by means of two hands 
on the map. 

Ye. V. 01 1 man , Tn. I. SoloVyev, V. P. Toka revi Avtojoilo^r 
['Automatic Pilots], State Publishing. House for the 
Defense Industry, Chief-Editor for Aeronautics vul- 
ture, Moscow , 1946, 472 pages, First Edition, 6,000 
copies. Price 30 rubles. 
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This book contains a description of automatic pilots of all 
essential systems, foreign as well as Soviet. In addition to a 
presentation of the historical development of automatic pilots, the 
fundamentals of a theory of automatic control of airplanes is treated. 

According to the author* s preface the book is intended for 
engineers, designers, and developers of automatic pilots and is to 
serve simultaneously as a textbook for students in these fields. 

The book treats an extraordinarily extensive subject field, 
with instrument technology, undoubtedly, constituting the main theme. 
In contrast, the occasionally interspersed theoretical considerations, 
as for example in Chapter II, are hardly significant. The book is 
essentially of a descriptive nature and enters into details in places. 
The intensity of the descriptions of Hie individual designs fre- 
quently permits inferences as to how much attention has been paid 
to the instruments (at least within the author’s field) ana what 
significance is attributed to them. 

By far the greatest part of the book is devoted to the descrip- 
tion of the various designs. After presenting a rather consistent 
historical survey in Chapter III of the predecessors of today’s 
automatic pilots, the next two chapters are devoted to the descrip- 
tion of foreign designs. Finally, Chapter VI contains quite an ex- 
tensive description of Soviet automatic pilots which were developed 
during the years 1932 to 19U2. In connection with this it is men- 
tioned that "one of the first automatic pilots made in the Soviet 
Union” is the type ABP-10. This automatic- pilot which appeared in 
193U differs from its predecessors ABP-1 and ABF-3 only in details, 
which, although necessary for safe operation especially at low 
temperatures, are of no significance to the principle of the instru- 
ment. Three-position gyroscopes are still used for this purpose, 
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which are pneumatically driven and supported and which are differ- 
entiated exclusively by the nature of their support. 

The developed automatic pilot of the type 5TL-U which "was 
constructed by the designers Selizki, Timofeyev, and Lusts," 
essentially corresponds to the well-known Sperry-pilot of 1934. The 
Sperry gyrocompass in conjunction with the Askania telecompass is 
used as course compass. The Sperry horizon is used for stabilizing 
the longitudinal and transverse position. Since this design has 
evidently not proven itself, the Sperry automatic pilot was copied 
without any change as type ABP-12 and after a specific test period 
was changed in some details so that the type ABP-12-D was created. 
These changes concerned measures to extend the temperature range up 
to -50°C as well as increasing the peak performance of these 
pneumatic devices. The device evidentty must have been used ex- 
tensively in this form, for the description treats very compre- 
hensively all details of installation, ground, and flight testing. 

Chapter Dll is devoted to a further development of the auto- 
matic pilot ABP-12-D the type AP-U2, which stems from the designers 
Semenov and 01-man (author of the book). Nothing was changed in the 
method of control, but a series of construction changes was insti- 
tuted. Thus in the case of the gyroscopes the arrest of the hither- 
to copied Sperry gyrocompass was changed. The horizon was evidently 
accepted without change. At the time the book was drafted this 
automatic pilot evidently represented the most modern Soviet device 
of this kind, i'or this reason very comprehensive descriptions 
including installation drawings, test instructions, and operating 
directions, even instructions for eliminating errors, are presented. 

Chapter VIII treats the uniaxial directional controls in use 
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at that time. Conspicuous here ie the very intensive concern with 
the automatic pilots of Askania ana Siemens. This explicitness 
coupled with a critique of the devices permits the conclusion that 
these types were extensively tested in Soviet Russia, and that they 
possibly were used as original designs for their own developments. 
The Soviet automatic pilot control of type AK-1 described in this 
chapter (a design by engineer Sorokin) is nothing more than the 
directional control portion from the triaxial control ARP-12, thus 
from the Sperry control. In this connection it is reported that 
at the beginning of the war all Soviet passenger airplanes of the 
type PS-8U were equipped with automatic pilot controls. 

In the last chapter of the book, descriptions of the modern 
American automatic pilots "Sperry A-£, M and "Minneapolis - Honeywell 
C-l" are presented. Tests of these devices at the time the book 
was drafted had evidently not yet been made, since the authors, limit 
themselves to a relatively short description. 

Of interest is the fact that at the ena of the book in the 
tabular survey of the various automatic pilots with their most 
important characteristics, foreign designs are exclusively used 
despite the fact that in the book itself Soviet devices are de- 
scribed in detail. 

Seen from the standpoint of gyroscope technology. Chapter I 
possesses another specific significance since in this section gyro- 
scopic devices in general and their individual components are dis- 
cussed.' Here Soviet designs are also briefly described. 
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B* V. Bulgakov and la, K. Roitenberg, "Conqerning the Theory 

of Power-Assisted Artificial Horizons/* Izvestiva Akademii, 
nauk SSSR [News of the Academy of Sciences USSR], Depart- 
ment of Technical Sciences, Vol 3 S 194#* Pages 289-292. 

This work, which consists of only four pages, is particularly 
noteworthy because it shows the manner in which the apparatus which 
was treated in detail by Roltenberg in an earlier publication |H has 
subsequently been developed and modified, while the original design 
by Roitenberg in 1946, which provided a Cardan suspended platform 
on which there were four gyroscopes, was a type in which the system 
lost a certain directive force by placing the center of gravity lower 
than the point of intersection f they now have switched over to. making 
the platform systems astatic with the gyroscopes and for this reason 
having the (power) assistance actuated by small gyro pendulums which 
are attached to the gyro housing. 

This development indicates a distinct parallel to the develop- 
ment of the artificial horizon itself. While the Anschuetz (Dr. 

Hermann. Anschuetz-Kaempfe) artificial horizon still operated with a' 
lower center of gravity location, the later Sperry horizon : was 
astatically located and actuated the (power) assistance by small 
pendulums. 

It is worthwhile to note that this parallelism was not discovered 
by the authors until quite late. Apparently, they at first thought 
only of dealing with a replacement, which seemed practicable for the 
apparatus, of the moment of gravitational force by pendulous controlled 
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moments without changing any of the principal methods of operation 
of the mechanism. Only now in this publication is there a reference 
to the closely related possibility of transposing the assignment of 
the gyro pendulum to the assisting motor, exactly as has long been 
the case with the Sperry horizon. The findings of this work consist 
in the indication that one can synchronize such a system (likewise 
a Schuler type) to a natural frequency period of 84-4 minutes and 
that then, except for a course error, no acceleration error (ballistic 

deviations ) will appear • 

At the conclusion of their studies the authors indicate that 
it would be most practicable to unite both methods of assistance 
with one another so as to attain a damping of the timing oscillations. 

In this case, therefore, each of the two controlling pendulums would 
have to be connected to each of the two assistance motors and the 
polarity of the assistance moments selected accordingly. 

Ye. L. Nikolai, Giroskop v karda novom podvese_ [The 

Gyroscope in Cardanic Suspension], State Publishing 
House for Technical-Theoretical Writing, Moscow, 1944* 

The monograph, of 83 pages, essentially contains the results 

of two earlier publications of the same author, 

The influence of various 

kinds of friction on the movement possibilities of a Cardanic suspended 
gyroscope is exclusively studied. Of course, the characteristic sizes 
of the gimbal rings are not neglected as is usually the case, however, 
since the author simplifies his equation of motion by linearization, 
he misses the interesting and, for the technical application of 
Cardanic suspended gyrocompass, the extraordinarily important effect 
of the azimuthal variations of the gyro axis under the influence oi 
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the nutation oscillations. If for this reason the monograph must be 
regarded, as obsolete , several partial results still claim considerable 
interest* 

In the first section the equations of motion for a Cardanic 
suspended gyroscope are arranged in a perfectly common form — but 
then, for the case of the "quick gyroscope," they are simplified by 
the elimination of all nonlinear, units. The linear equations thus 
obtained are then integrated one after another for the following 
cases: 

1* Cardanic suspension without friction and damping but for 
various sloped positions (because of the nonlinear units not being 
used in this case, the results are completely invalid). 

2. Damping moments proportional to the rate of revolution 
around the gyro axis. 

3. . Impedance of one of the gimbal rings — thereby a loss 
of the stabilizing properties. 

4. Constant external moment, no damping; pseudo-regular 
precession. 

5. Constant external moment with damping proportional to the 

speed. 

6. Simplified calculations of the precession by elimination 
of the inertia units. 

7. Action of the gyroscope in the presence of coulomb friction 
around the gyro axis. 

S. The same case (7) simplified by elimination of the inertia 
units-. - 
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Of the. problems listed above, the seventh problem takes up 
by far the greatest part of the monograph* The author solves this 
nonlinear problem by the piecemeal joining together of the linear 
partial solutions by frequency. For this purpose he uses a graph 
plane which contains the speeds around both gyro axes as the axes 
of the coordinates. Moreover, he distorts the scale so that the 
track curves become circles in the single quadrants of this plane 
and can therefore be easily drawn. From time to time the central 
points of this arc of the circle jump from one quadrant to another 
while in transition. With this lengthy explanation of the ^method 
of the image point,” several special cases are then discussed in which 
the total nutational action takes place in one quadrant of the 
image plane and in which the speeds therefore retain their signs. 

Such is possible if there are strong external moments and the 
nutation impulses remain small. In spite of the presence of friction, 
undamped oscillations can appear in special cases. Moreover, special 
cases are also possible in which the movement, while transiting, 
comes to rest in one of the two coordinates. 


For the case in which the friction moments remain small as 
compared to the gyroscope moments, approximate formulas are easily 
derived. In the case of coulomb friction there also exists a sort 
of pseudo-regular precession. The nutation amplitudes, however, decline 
(during the precession) to a certain boundary' value for which one 
of the previously studied stationary movements thm adjusts itself 
with change points. Besides deriving practicably useful approximate 
formulas for this case, the author still shows that from a measured 
track curve of the gyroscope apex, the coulomb frictions present in • 
the Cardan suspension can also be determined conversely. 
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la. N. Roitenberg, "The Multiple Gyroscope-Horizon, " Priklad- 
naya matematika i mekhanika [Applied Mathematics and 
Mechanics], Vol 10, 194&, Pages 101-124* 


In his very detailed and valuable work Roitenberg seizes upon 
tae idea which A. N. Krylov had discussed in his book on the "General 
Gyroscope Theory and its Technical Application." Krylov suggested 
for the stabilization of ships, a platform on which two gyroscopes, 


one each for rolling and yawing, were to be fastened. Instead of 
the one gyroscope for each axis suggested by Krylov, Roitenberg now 
takes two gyroscopes and investigates the operation of a system 
composed of four gyroscopes during various motional conditions of 
the ship on which the mechanism was to be located. 


A valuable finding of this work is shown by the fact that the 
errors of the 4-gyroscope mechanism can, in part, be considerably 
smaller than those of a single-gyroscope mechanism with similar data. 


The 4-gyroscope mechanism is described in the first section. 

It consists, of a Cardan suspended frame on which the four gyroscopes 
are so fastened that their housing, can rotate around an axis passing 
vertically to the platform. The rotor axes of each two of . these 
gyroscopes are aligned in the normal position parallel to one another. 
Their movaments around the vertical axis of plane, however, are npt 
independent of one another, but rather are coupled together by rods. 
The gyroscopes with parallel-lying rotor axes can therefore only 
turn in an equal, but oppositely located angle around their vertical 
axis of plane. These rotary motions around the vertical axis of 
plane are still influenced by spring clamps which continually seek 
to draw the gyroscopes back to a normal position. The system has a 
(power) assistance apparatus around the two gyro axes of the platform; 
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the center of gravity lies under the point of intersection of the 
two C-ardan axes. 

In the theory of the mechanism, frictions around the gyrq and 
gyroscope housing axes are elininated. Moreover, the acceleration 
units are cancelled out in the mariner which is usually approved for 
technical gyroscope problems and therefore are computed with the 
"technical gyroscope equations." The rotation and curvature of the 
earth, however, are included since they are important for further 
theory. ' ' - 

i. 

After dealing with the movement units, the action of the 
mechanism on an mobile base (laboratory) is then computed. As 
expected* one gets a timing oscillation and an earth rotation error 
besides. Since the latter is composed of known quantities, it can 
be determined by calculation and can therefore be compensated for. 

In the calculation of the important rolling error for ships, 
it is assumed that the mechanism moves on an orbital circle in a 
vertical plane. For this case one gets a recording error which is 
significantly smaller for the described 4-gyroscope horizon than the 
error of a s imil arly constructed mechanism with only one gyroscope. 
The error of the single-gyroscope pendulum is proportional to the 
relationship of the wave frequency to the characteristic gyroscope 

frequency therefore a very small quantity; the error of the 

4 -gyroscope mechanism on the other hand is proportional to the square 
of this relationship. 

The errors of 4-gyroscope and single-gyroscope mechanisms 
may also be compared with one another for cases of linear and curve 
accelerations. 
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Since a characteristic oscillation period of 84,4 minutes for 
the single gyroscope horizon had proven especially favorable (Schuler’s 
84 minute principle!), the author also investigates his 4-gyroscope 
mechanism with the same modulation* In so doing ho comes to the not 
too astonishing conclusion that when the (power) assistance is switched 
off, the mechanism does not show a course or acceleration error. 
Moreover, he can show that the oscillator impulse vector of al I four 
gyroscopes is proportional to the absolute speed of the ship. Each 
pair of gyroscopes indicates for itself a component of this absolute 
speed. 


Especially important for gyroscope mechanisms is the question 
o 1 accumulation of error in a series of different maneuvers, which 

was first studied by B. V. Bulgakov. Roitenberg studies this question 
for an 84 -minute system. With the aid of the method previously applied 
by Bulgakov, he succeeds in figuring out the maximum error of his 
mechanism in the form of a series from error integrals. For a practical 
example of this, he comes to the conclusion that the ma ximu m possible 
error of his mechanism during the unfavorable series of different 
ship maneuvers is exactly half as great as the corresponding error 
of a single gyroscope mechanism. 

The weaker the (power) assistance is around the gyro axes, 
the smaller is the ballistic error in the maneuvers of short duration. 


At the conclusion of his studies Roitenberg again discusses 
the case of a 4-gyroscope mechanism with a characteristic oscillation 
period which is considerably smaller than 84-4 minutes. This question 
is of great practical significance since an oscillation period of 
84*4 minutes can only be reached with difficulty. In doing this he 
comes to the conclusion that in the case of a characteristic oscillation 
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period which is negligible in comparison with 84,4 minutes, the 
ballistic recording errors .of the 4-gyroscope mechanism are. smaller 
by the factor l/e than those of a single gyroscope mechanism, 

D« A« Braslavskiy, S. 3. Logunov, and D. S. PfluL*por, Raschet 
i konstruktsiva aviatsionnykh priborov [Design and 
Construction of Aeronautical Equipment], State Publishing 
House for the Defense Industry, Moscow, 1954, 58 3 Pages, 
price. 19. 20 rubles. 

This extensive book should be used as a text for schools which 
are concerned with the development of aeronautical equipment designers. 
It apparently originated in collaboration with the Mosco Ordzhonikidze— 
Technicum for Aeronautical Equipment Designers. 

The work, which is divided in three parts, discusses first of 
all, an about 170 pages, general questions of aeronautical equipment 
design; the second part of the book, almost 250 pages, contains 
descriptions and designs for -the most important aeronautical equip- 
ment ~ without gyroscope equipment — while the third part consisting 
of 150 pages is concerned with gyroscope equipment and automatic 
pilots * 

The introduction of three chapters is a model example for 
primarily historical Introductions as have been customary in the 
Soviet Union for several years. The reader is spared hardly a single 
name of all of the many original discoverers in Russia and with an 
enviable carelessness practically all areas which are connected with 
aeronautics or its equipment are described as discovered and mac hin ed 
by the Russians. Two sentences, which are supposed to characterise 
the situation in the gyroscope field, may serve as a typical example; 

- 
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"In the year 1765, L. Euler, a member of the Russian Academy of 


Sciences, in his famous dissertation on the theory of the movement 
of a rigid body, gave a schematic representation concerning the 
question ox the movement of a rigid body around a fixed point. Hie 
leadership in general and applied gyroscope theory ...was later taken 
over by the Russian scientists A. N. Krylov, Ya. A. Krutkov, Ye. L. 
Nikolai, and B. V. Bulgakov." Finally, in an introduction which is 
true to the (party) line, the invocation of the Five-Year Plan and 
the Communist Party could not be lacking. In the first chapter of 
the book general requirements for aeronautical equipment are discussed. 
In addition, structural parts, which are to appear again and again 
in many mechanisms, are discussed. In a very systematic form one 
finds here, for example, a tabular survey of 52 different measuring ' 
transmitters which, from time to time, are arranged according to 
input and output amplitudes. Exhaustive descriptions and designs- 
of electrical and mechanical structural parts (potentiometers, 
inductive and capacitative transmitters, spring arrangement, dampers, 
etc) can be very valuable for designers. 

The second and most extensive chapter of the book has detailed 
theoretical and descriptive designs of equipment for recording 
pressure, temperature, quantity and charge of fuel, number of revo- 
lutions, altitute, speeds and course deviations with magnetic means. 

In the third chapter the most important, gyroscope mechanisms 
are described in about 100 pages and the different automatic pilots 
are described in an additional 50 pages. It would be interesting to 
note the names of the most important Soviet researchers which are 
cited at the beginning (of the chapter); "The development of the 
fatherland’s aeronautical gyroscope equipment is the service of the 
Soviet designers Ye. F. Antinov, Ye. V. Oilman, V. Ye. Sorkin, ; and 







others”... ”The most important works concerning gyroscope theory 
are by the well known Russian scientists N. Ye. J Zhukovskiy, 

A. N. Krylov, Ye. L. Nikolai, B. I. KudreviJph and, concerning 
applied gyroscope theory, B. V. Bulgakov. The development of the 
theory of aeronautical gyroscope equipment came about through the • 
works of S. S. Tifchmenev, A. S. Koslov, Ya. I. Solovg^v, G. 0 « 
Friedl’dnder, Ya. N. Roitenberg, P. V. Bromberg, V. A. Pavlov, and 
others.” 

' The turn-and-bank indicator is described as the first of the , 
gyroscope mechanisms. Two design forms are shown, of which the first 
has a direct current gyroscope and is constructed essentially like 
the Askania turn indicator; the second, however, is identical with 
the turn-and-bank indicator brought out by the LGW firm around 1942, 
in which a gyroscope of spherical shape (”the furious walnut”) of 
30-mm diameter was used as the rotor* The drawing used in this book 
has been taken over without any change from an LGW prospectus. The 
damping gyro, with whose help the rate of revolution and the rotary 
acceleration can be measured at the same time, is described only in 
brief and is illustrated in two drawings. 


On the other hand, the different horizons are again treated 
in detail. After a description of the most useful designs (Sperry), 
we (find). used a general error theory of the horizon and reference 
made to the possibilities of reducing above all the banking error. 

For this purpose one can either switch off . the traverse (power) 
assistance during a banking turn or can, however, install the gyro 
axis in the airplane somewhat inclined in the direction of flight. 

A ”yaw and roll gyroscope with proportional (power) assistance” 
is described only briefly. Since for this purpose, however, the most 
important data and also a photograph are given, one can assume with 
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safety that this relatively complex mechanism has actually been 
constructed, It is used^ for example, in the automatic control as 
an indicator for banking turns and pitch. The whole mechanism weighs 
£.3 kg and has external measurements of 200 x 263 x 215 mm. 

The turn-and-bank indicator combined with artificial horizon 
which originated with the firm of Horn and which combined horizon, 
turn-and-bank indicator, and banking level in one housing has been 
reproduced in Russia. In any case, to a certain extent, considerable 
changes have been undertaken, for exaple, in the type of recording 
as well as in the adjustment. Moreover, the Russian gyroscopes work 
with a rate of revolution of 400 hz., while the German mechanism is 
is equipped with two 500-hz. gyroscopes. The (power) assistance of 
the horizon occurs through small mercury spirit levels which make 
contacts for certain inclinations. Migratory curves have been devised 
and mentioned in this book for an assistance of this type accordiig . 
to the ^yes-no" principle and also for assistance characterized by 
hysteresis. 

J 4 

Next to the previously named conventional horizon types, the - 
Russians have concerned themselves with the question of aerobatic, 
horizons and have even built a mechanism of this type. However, 
the description is so incomplete that the principle of the mechanism 
cannot be clearly determined. In any case, it deals wlln a Cardan 
syspended horizon in which, however, the rotor axis is not vertical 
to the inner Cardan axis. In this manner they avoid the coincidence 
of rotor axis and external Cardan axis after a turn of 90 degrees 
around the inner Cardan axis; however, in this singular case the axes 
of the system still fall in a plane. The mechanism equipped with an 
alternating-current gyroscope weights about 2 kg and has external 
measurements of 126 x 189 x 132 mm. 
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The method of operation of another aerobatic horizon which", 
is, however, presented only as a diagrammatic sketch, is easy to see 
through. In this case they have used a third Cardan ring in which 
the external Cardan axis of the otherwise normal horizon system, is 
located. The additional Cardan ring is adjusted as usual and thus 
will only be free when the gyroscope housing has turned 70 degrees 


around the inner Cardan axis.. The adjustment of the additional ring 
will be switched on again if the rotary angle of the gyroscope 
housing leaves the range 70°^ jS^llO 0 * In this manner, the gyroscope 
will be given an additional degree, of freedom in the region of the 
dangerous "clinch-position..’* 


The section about the various horizons is concluded with a 
short description of three different power-assisted artificial horizons 
in which the ; gyroscope is o&ly the sensitive element; the stabilizing 
forces, however, of assistance motors are applied. Three simple 
schematic sketches of such equipment (with 1,2 and 4 gyroscopes) are 
shown, but there is no indication whether mechanisms of this type 
have been built. The sketch of the arrangement with four gyroscopes 
deviates from the power-assisted artificial horizon outlined by 
Roitenberg in 1942 only to the extent that here the rotor axes are 
all vertical to the plane of the stabilized platform, while the 
original (Roitenberg) arrangement placed the gyroscopes so that 
the rotor axes were parallel to the platform. 

Also, in the discussion of the gyroscopic course indicator, 
as in the discussion of horizons, after a short description of the 
main possibilities, a general error theory is brought forth which 
represents in a noteworthy and complete manner the errors (caused)' 
by the rotation of the earth, displacement of the center of gravity, { 
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axial friction. Cardan suspension and by acceleration forces in various 
flight positions. 

The above mentioned gyroscopic course indicator, which was 
already comprehensively reported on page 45* is here described in. 
detail as the first mechanism. Here they are dealing with a gyroscopic 
course indicator with a magnetic assistance in which the magnet needle 
serving as sensitive element is located directly over the gyroscope 
in the mechanism housing. It is also worth noting in this construction 
that the assistance of the gyroscope system around the inner Cardan 
axis does not occur simply vertically to the plane of the external 
Cardan frame, but rather, vertical to the direction of the apparent 
perpendicular which is indicated — as in the pneumatic Sperry horizon — 
by two small regulatory pendulums. D. A. Braslavskiy, M* G. Elkind 
and M. M. Katchkatchian are named as designers of this mechanism. 

[The Russians] have sought to avoid the disadvantages of the 
pneumatic mechanism with direct magnetic assistance by the further 
development that first of all one assumes a separation between course 
detectors and gyroscopes, secondly, that the mechanism L is electrically 
operated and finally, thirdly, an induction compass is used in place 
of a magnetic needle. In order to get the necessary assistance 
currents for the gyroscope, an additional two-step tube amplifier 
is installed between the induction transmitter and the gyroscope. 

The mechanism thus produced is illustrated in detail by construction 
sketches and photographs • 

On the other hand, a "gyroscope-induction-compass, 1 * which was 

a y 

, is treated in a relatively 

brief manner. They are dealing here with an induction compass in 
which the three induction coils, which are reset at each 120°, are 
mounted on an artificial horizon in order thus to remain constantly 
in the horizontal plane* 
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The mechanical possibility for assistance -which was applied by 
Alkan — that is, a rotating sphere on the gyroscope housing — is 
mentioned quite briefly. 


At the conclusion of the section on gyroscopes equipment, a 
"three-gyroscope-central," which can assume the job of horizon and 
gyroscopic course indicator at the same time, is once again described 
in brief. In this they are dealing with a fusion of three normal 
mo no axial power stabilizations which consist of one gyroscope each 
and one (power) assistance motor for each axis, A magnet compass is 
provided as a measuring gauge for the course axis while liquid spirit 
levels are provided for the other two axes. The controls for the 
assistance motors around the two transverse axes are calculated in 
this case in' a special coordinate converter from the indicator 
values of the spirit level. Also, in the section about automatic 
pilots the names of the most important Soviet researchers are 
mentioned:. In this section we read: "The questions of the dynamic 
stability of the airplane are explained not only theoretically but 
experimentally in the fundamental works of V.P. Vetchinkin, V. S. 
Vedrov, V. S. Psychnov, L. V. Klimenko, I. V. Ostoslavskiy, G. S. 
Kalatschev, and others. ... A number of successful constructions of 
automatic pilots were designed by the Soviet engineers I. A. Timofeyev, 
A. A. Lusis, M. F. Sediskiy, Ye. Sorkin, and others, in which 
the products of foreign firms were considerably surpassed. The 
engineers Ye. F. Antinov, Ye. V. Olman, L. I. Semenov and others 
have played a large part in the recent. development of the construction 
of automatic pilots in the USSR. 

After the presentation of theory for automatic pilots, which 
for the purpose of this book was fully sufficient, several designs 
are then described more closely. In this it is worthwhile to note 
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mentioned at all. 0$e could therefore assume that they have since 
been replaced by more recent designs. Also, the 3~axis automatic 
pilot BGAP (abbreviation for "pneumatic-hydraulic automatic pilot”) 
which is next described in the book can again (be considered) as 
having already been made obsolete. It still has the principal 
structure which has been known since the old pneumatic Sperry 
3-axis control. The horizon, however, had been somewhat redesigned 



Also the automatic pilot of EAP type (abbreviation for "electri- 
cal automatic pilot") which was next described, has apparently not 
been successful. It operates according to the same principle as 
the previously mentioned automatic pilot and has as gyroscope 
mechanism a horizon as well as a course indicator gyroscope. The 
rigid circuit is rigidly formed so that when unidirectional moments 
appear, certain residual errors will still remain. 

The next described automatic pilot of type EAPB ■ (abbreviation 
for "electrical automatic pilot without rigid return circuit") has 
been completely changed in the principle design and construction. 

One can recognize without difficulty that the German 3-axis control 
of Rechlin (Moeller) as well as the structural parts of IGW and Patin 
were the sources in the design of the control A telecourse indicator 
gyroscope assisted by a magnet needle serves as measuring transmitter 
for the vertical axis of plane and also, for each of the three axes 
an additional damping gyroscope which simultaneously dispenses with 
the rate of revolution and the rotary acceleration. On the inner 
Cardan axis of the horizon there is further mounted an additional 
acceleration gauge which dispenses with the horizontal component 






of the airplane ! s acceleration and operates as an additional controlling 
entity for the longitudinal bearing. * The mixture of the individual 
measuring values comes about — as in the Patin mechanism — through 
highly receptive galvanometric systems with multiple input coils 
and potentiometer tapping for the output. The telecompass, as well 
as the horizon also, is used at the same time for the recording and 
for this purpose is connected with corresponding ^repeaters.** Data 
given for these automatic pilots is as follows; 


Service altitude 

12 km 

Feed voltage 

27 v ± 10 % 

Moment of steering engine 

18 mkg 

Maximum speed on drift bar 


of steering engine 

70 mm/sec 

Necessary power 

500 w 

Weight 

75 kg 

Admissible pitch angle 

± 8 5° 

AdmissihLe banking angle 

± 70° 


* P.S. Besides the above-named measuring transmitters there is 

also a Pitot tube whose recording value is likewise drawn 
into the formation of the control values for the longitudinal 
control. 
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REVIEW OF RUSSIAN WORKS ON APPLIED MATHEMATICS, 
MECHANICS, AND GYROSCOPICS 


G. V. Shchipanov, Giroskopicheskiyepribory slepog o poleta. Teoriya , , 
raschef % me tody konstruirovaniya [Gyroscopic Devices for Blind 
Plying. Theory, Computation, and Construction Methods], State 
Publishing House for the Defense Industry, Moscow- Leningrad, 423 
pages, 6,000 copies. 


Y ‘ -eft _/ 


According to the preface by the author, this book may be regarded as a 
sequel and supplement to a book by the same author entitled, "Theory,, Computa- 
tion, and Construction Methods of Aeronautical Devices," This book, covering 
blind-flying gyroscopic devices, consists of two parts. The first part deals 
with the "Special Theory of the Pendulum and Gyroscopic Directional Indicator" 
and allegedly gives the theoretical fundamentals on which the computation and 
construction are based. The second part of the book entitled "Gyro Compass, 
Artificial Horizon, and Turn Indicator" shows how the general theory is ap- 
plied to special devices* whereby the author limits himself to the three 
aforementioned gyroscopic devices. Not one word is said in the entire book 
about the directional gyro, although at the time of the book's publication 
such a finished and tested device was already available. 

The author does not mention in his introduction — — as is the usual pro- 
cedure in Russian books — for what group of readers the book was written. 
Better books are available for the theorist, for instance "Applied Gyro Theory" 
by Bulgakov which appeared two years before this book, or the book written by 
Krylov and Krutkov on "General Gyro Theory" which is still older. The theory 
offered in this case is, despite the many superfluous formulas which fill lots 
of pages, full of gaps and incomplete, and in many cases simply misleading. 

The book can hardly be recommended for designers since the unnecessary multi- 
tude of formulas only causes confusion. You cannot expect the designer to 
struggle through more than four hundred pages of obscure calculations and to 
find out in the end that the solution of the problem he wants is not found in 
the book. One concludes therefore that this voluutoous book is redundant and 
without value. It could even be mentioned as having a damaging effect on the 
reader since without hesitation too much use has been made of approximations 
in the calculations and many of the drawings and sketches lack the necessary 
accuracy:, Some of them are not only quantitatively wrong but simply quali- 
tatively untrue. 

The first part of the book covering close to two hundred pages and treat- 
ing of "Special Theory”, gives long-winded explanations on general problems of 
the theoretical mechanics, which can be found much better, clearer, and more 
concise in textbooks on theoretical mechanics. The manner of word usage also 
is very misleading. For example, the author uses the expressions of preces- 
sion and nutation generally for the two natural frequencies of systems with 
two degrees of freedom. At another place the same nomenclature id used for 
two components of one and the same oscillation. The reader is spared nothing 
when the systems of two degrees of freedom are discussed. He has to endiire 
all possible combinations of return, damping, and coupling terms in the 
linearly established two differential equations of the second degree. After 
reading about one hundred pages of this talk one will discover that an engi- 
neer well acquainted with theoretical mechanics could have come to this con- 
clusion after reading a few pages. Thus the author finally arrives at two 
systems each consisting of two coupled linear differential equations which 
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only differ from each other in the type of the return terms. In the first 
system indicated with an ”S" (Sperry), the return forces are placed above 
the cross in the differential equation system while in the second system, 
indicated with an "A" (Anschiletz), the return forces for a coordinate also 
are used for this coordinate in the differential equation. Later the author 
discusses some intermediate forms of these systems of equations and indicates 
them with "SA*\ 

An approximation method, originally developed by Bairs tov and was widely 
and without hesitation used in the solution of equations of the fourth degree. 

The theory of the gy procompass as presented in the second part of the 
book does not give us anything new as compared to what had been written by 
Krylov and Krutkov or by Bulgakov. However , in spite of the wide scope, im- 
portant parts of this theory, such as the pendulum error, are not discuss©-, 
and only briefly mentioned. 

The theory of the acceleration-! ree synchronization (eighty-four minute 
principle) which is of fundamental importance, especially to the gyrocompass, 
is discussed in a biased manner. After this came the theory on gyroscopic 
horizons which is voluminous as well as incomplete. Again the author will 
tire his reader with unnecessary generalities of his research m which he also 
discusses the theory of systems which cannot be used in practice. Two devices 
are discussed in detail; the Sperry gyro horizon and the gyro horizon of An- 
schuetz and Co. While testing the two devices, the author ventures to Predict 
that the Anschiietz gyro horizon will in the future displace tfc* Speiry insvru 
ment especially if one thinks of the utilization of the gyro horizon in the 
automatic pilot. The seventeen years since the publication of the book have 
proved the opposite to be true. 

During the discussion of the Sperry horizon it may be of interest to note 
that it was tried without result to make the dimensions of the Sperry horizon 
smaller, without decreasing its accuracy. It does not follow from the text, 
however, where and how these tests were made. During the discussion of the 
error theory of the Sperry horizon, one is startled to find that the maximum 
error approximates the angle at which the control pendulums clear the exhaust 
nozzles completely. This misleading result is no doubt caused by the -act 
that the error theory actually forms the basis for the behavior with accelera- 
ted rectilinear flight. 

After enduring this theory of the gyro horizon one is not surprised at 
the statement that the gyro really is not used at all, and that what you need 
is to find the mechanism necessary to produce the terms in the differential 
equations. The author does not reveal, however, how he plans to do that with- 
out gyroscopes. 

The theory of the turn-and-bank indicator, which actually forms the basis 
for the devices made by "Pioneer 51 and "Schilowski", is kept entirely within 
the framework of the gyro compass and horizon theories. For example, the 
computation of the springs for holding down the frame is given with all the 
details, as if there were no reference books for this type of computation, but 
not a word is said about the stabilizer. 

In this chapter you also find the presumptuous assumption that the indi- 
cated method of computing not only can be used for Pioneer and Schilowski but 
also for any other constructive variation of bank-and-turn indicators, which 
may be conceived at all. 

The last paragraph of the book, entitled "Construction Components, Se- 
quence of the Computation, and Design of Gyroscopic Devices , is again noted 
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for th'j arrogant and unscrupulous manner in which the applied theory of gyro- 
scopes is discussed in this hook. Aside iroin the many things which were said 
before and are repeated again, a computation schedule is given for each of the 
devices under discussion from which the separate steps may he seen that have 
to be taken during the calculation. Since the formulas are^given simultan- 
eously with each stop, actually you have an ideal "cookbook” in front of you 
with the help of which you can easily compute several compasses, horizons and 
bank- and- turn indicators on a weekly basis — if the schedule were complete l 


The schedule for the Sperry horizon contains^ for instance, all data for 
the control pendulums as well as the air exhaust nozzles computed very ac- 
curately, but the only advice given for the computation of the rotor is: "De- 
termine the dimensions of the rotor from the overall dimensions of the entire 
device". To determine the number of revolutions of the gyro the rule is simple: 
"Divide the obtained impulse by the moment inertia of the rotor The last of 
a total of twenty-five points of the plan to be followed in the computation of 
the Sperry horizon is called plainly and simply: "Control and stress calcula- 
tions" in which the necessary formulas of course were not included. 


To sum up the opinion of th© reviewer: The book is written in an arrogant 
and obscure manner, hence it is without value. A designer can get much farther 
with the help of a textbook on theoretical mechanics and an engineer’s manual. 


N. I. Chistyakov, Elektricheskiye aviatsionnyyo pribory [Electrical In- 
struments for Aviation State Publishing House for the Defense Industry, 
Moscow, 1950, 534 pages, 6,000 copies, price 18 rubles. 


In the preface of the book the author emphasizes that several good books 
are available in the field of mechanical aeronautical devices. However, no 
suitable textbook was available on electrical aeronautical devices which could 
be used in school for the training of aeronautical engineers. The book sup- 
posedly fills this gap. It has officially been introduced as a textbook. 


The preface begins with the sentence: "Our country is the country of an 
enormous air force. Soviet airplanes fly and will always fly higher, faster, 
and farther than all other planes in the world." 


The introduction begins with the sentence: "Eleetri cal devices origina- 
ted in our country. The famous Russian scientist M. V. Lomonosov built the 
first apparatus to measure electricity about 200 years ago." 


Nearly all chapters of the book start with similar sworn statements and 
in regard to gyroscopic devices there is no exception: "All basic principles 
and ways of application of the gyroscope have been worked out in the USSR by 
many Russian Scientists and engineers such as A. N. Krylov, B. V. Bulgakov, 

Ye. B. Lewenthal, Ya* N. Roitenberg, G. A. Slomyanskiy, Ya. I. Soloviyev, G. 0. 
Friedlander, S. S. Tichmenev, 


This does not prevent the author from showing a few pages later mostly 
pictures of foreign gyroscopic devices, without mentioning naturally the land 
of their origin. Only about seventy pages of this'* bulky book are devoted to 
electrical aeronautical devices. The author confines himself to descriptions 
of the design and the operational characteristics of the most important gyro- 
scopic devices. In only a few cases computations and diagrams of component 
parts of gyroscopic devices are given; for instance, on the various types of 
electric supporting devices* consisting of an indicator and a torque producing 
unit. The various possiblities of servomechanisms are also discussed; however, 
usually well-known foreign designs are quoted. The general constructions of 
bank- and- turn indicators, gyro horizons, force supported gyroscopic frames is 
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only briefly described, but ! “ ch ™ 0 “ ^ ^°J® < 3 t ^i B t caBe i thair own initiative 
gyrocompass. The Russian designers followed ^ & degcripUon of 

as can be seen _ from needle, in which the magnetic 
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needle . 

eating the direction of the earth e magn t tested. The gyroscope 

both of which also use a ETe£^- n gerves only ea a horizon in 

in the "horizontally “he induction coils. A directional gyro 

order tc establish a proper basis ^ cf the faction selsyn is directly 

is not present in this case. omnufiar. In the case of the 

transferred to an indicator ^ directional gyro the monitoring 

"gyro induction compass we haveasupp the induction sel- 

of which is provided by the induction selsyn^ cofflpa8B .'. Thls 

syn takes only the place °* 4 eat detail even with some construc- 

gyro induction compass is described = finish ed apparatus are Included, 

fional features eluded • ^fs of'the induction selsyn for 

In order to be able to util currents are conducted across a two-stage 

the support of the gyroscope, these cuj rren ^ ^ directional gyro. It 
tube amplifier located direc ly design did not stand up too well 

may be concluded from other remark f 8 a f e ty of operation through 

a change in construction. The cons1 ** breaks d«wn. For that reason they 

it can still be “•** “ v “" “ 'needle'sysiem as an indicator but 

went back again to the use ° f “ “ 8 ®“tted to the course axis of the gyroscope 
this time its rotations were ^ deviations are present a corresponding 

by means of a magnesynsystem. If d “ nteraal oard anic axle. In case the sup- 

port°fails he switched directly to the indicator. 

A course indicator 

The deflection of an electron amplifiers. During the develop- 

dlrectional gyro can bo monitoradbymeansof indicaUon of the 

ment of this device they planned toprod sinoe the same goal was 

direction of the earth s ma f““ C b f “be' use of the inductive method, the work 
reached in a much simpler manner ajj! importance and has been dis- 

on the electron beam course indicator lost its importan 

continued for sot^s years. 

A description of the "automatic pilot" diseased ^ ’ 

is given in chapter XIX. The devi “ B “ 0 °“ se and airspeed indicators. Ac- 

s& jjstsxz r ?^v-rtr S-Siuvity * ^ « . 

result of fluctuations in the yoltago sappl* • 

v . .. „ nA hook lists a total of eighty- two pnh- 

The bibliography at the " t Li o| a' putwly electrical nature. 

lications which for **“ “°** **!\ to gyroscopic devices has been included in 
All worthwhile information related to gyroscoyr . 

tin bibliography of the main report. 

Gyroscopic Devices], State f blishlngHcuse rum noteworthy that 

ISoscow, 1954, 411 pages, price ^ 85 rubles (I^is of 

this publishing house no longer irdieates the numoer o 
the edition.) 
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This book may be considered the second edition of a book published in 
1946. entitled: "Fundamentals ef the Design of Gyroscopic Devices . it 
has been introduced bs a textbook for the special field of aeronautical de- 
vices" for advanced training in aeronautical schools. Apparently the author 
had given a course on gyroscopic devices for quite some time in such a school 
and finally published the material used in this course in book form in an 
amplified manner* 


As compared to the first edition the number of pages of the book has al- 
most doubled <411 as compared to the previous 223 pages)) however, if the 
larger format is also considered, it has more than doubled. It may be noted 
that the price of the book has been lowered cU spite its greater s*® 0 tha * 
it is a considerably better publication. Through comparison oi the tables of 
content it was determined that the increase in sIm actually can be traced to 
the fact that a description tod the theory of social gyroscopic devices is 
given in a number of chapters (III to IX), which formerly were not moIu**. 

The wider scope in other parts of the book can nearly without exception be ex- 
plained by the wider and more detailed discussion of the theory -- as I am sorry 
to say! For the theory was already rather weak in the first edition, while p 
of the more practical sections are excellent- These practical sections, how- 
ever, have been copied without much change. 


The manner in which the theoretical fur, 
fion of some devices is done is typical of b- 
"cookbook” type theory! Instead of discus 
to clarify the methods of computation, every 
calculated with all possible dtiails. In <r » 
presented in all sections of the solutions 
constant coefficients with sometimes small r 
in the single terms of the initial equations 
all this material can be mastered within the 
devices, as presented in this book* 


iurt/ntals as well as the computa- 
tion textbooks. It is a decided 
y some important examples so as 
'single case is again thoroughly 
•• arords a tiresome repetition is 
some differential equations with 
, nations in initial conditions or 
3t is difficult to conceive that 
scope of a course on aeronautical 


It is obvious that this book if the ' ' te ti a teacher of long standing 
because a great number of rather good demossi.ration models are described and 
shown in pictures. The great number of km.Ikw are evidence of an intensive 
instruction method. 


The introduction contains some valuable 
signers are mentioned here who have distingue; 
development of gyroscopic devices. They are 
S. F. Farmakoriskiy, and A. I. Markov; in ano 
BrasXanskiy, M. M. Katschkatschian and M. £. 
signers of the directional gyro supported by 
a*. A. Nosdrovskiy is called the inventor of t 
frame. In addition*. th& a'ano theorists i* 
eiently known from other publications. 


references* The names of some de- 
shed themselves, especially in the 
?. I„ Kusnetsov, Ye. F. Antikov, 
:Vbsx place in the book, D. A, 
Etkind , are men tioned as the de~ 
a magnetic needle. Furthermore 
be force supported gyroscopic 
mentioned who are already suf f i- 


Chapters I and II presort the general theoretical f r ^amentals . Especi- 
ally the influence of friction ob brings well as the effects of the earth a 
rotat ioB'are examined. The gimbal rings are now also considered in the 
tier, of the general gyro equation* mmzmWy according to the example of Nik- 
olai. All other calculations, however, are based on the simplified linearised 
gyro equations. 


The only point of Interest in chapter III, which covers simple, nonsup- 
ported directional gyros, is the ete^ment giant two migration curves which^ 
were recorded with two different devices'. 'Em larger had an average migrs.xon 
of X0°/hcur with ft rotor weight of TOO grs«&» whin the smaller with a ro or 
^ighi of 172 grams had a migration of 25 /Hour. 
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In chapter IV you learn that the supported directional gyroscope as de- 
veloped in the USSR in which the correcting magnetic needle is installed direc- 
tly above the rotor in the housing of the device, has been abandoned in favor 
of the ’’telecompass * . The latter device „ the design of which incorporates a 
separation between the gyroscope and the magnetic needle, has been described in 
detail with its various types of transmission. The Russian development appears 
in close support of previous German design. The "gyroscopic magnet", in which 
simply a magnetic needle is rigidly connected to a rotor housing, as proposed 
by Chochlov and appearing with a detailed calculation in a publication ^number 
29 of the bibliography), is mentioned by Pavlov as "interesting, but of imprac- 
tical design." 


Something new seems to be indicated by the possibility of keeping th ® 
directional gyro free from errors during certain aerobatic flight patterns. 

An arresting pin is installed in the gyro housing, which prevents thd swinging 
through when rotating around the inside cardanic axis. Precession will cause 
the system to rotate rather rapidly around the outer axis until the inner ring 
is again released after a rotation of 180° . 


Chapter V on the gyro compass is very detailed but of no importance . One 
is surprised to find it in this book at all, for it is specifically pointed out 
that the use of gyrocompasses in aircraft is not advisable because of their ex- 
tensive weight and large course errors. 


Chapter VI, dedicated to artificial horizons and verticals, included long 
descriptions and calculations for the many possible types of supports without 
showing or describing any definite devices. It may be of interest tP point 
out here that the Soviets have picked up the original idea of Glitscf»* f| to ob- 
tain a compensation of error through the introduction of an artificial drift 
to port". A diagram is shown in Figure 6.25 which looks exactly likf » design 
by Glitscner* Whether such devices are actually being ^ilt cad»ot be 

deduced from the text. 


Bank-and-f urn indicators are discussed in Chapter VII . Actually * ® & 

discussion of designs of German firms, some of which have been copied in the 
USSR. Something new in this chapter is the description of a ? ,ak and tarn 
indicator, which lately in Russian literature is called * n 

which an increase in accuracy of indication la obtained by se itin* rea mg 
always back to zero by means of shifting the zero point of tfe& spring re- 
strainer, which shift is then taken as a measure of the speed of rotation. 
cannot be determined whether this device or any other gyroscopes for measuring 
velocity and acceleration described in this book have actually been u 


Chapter VIII mainly presents diagrams as well as some theory on a great 
variety of types of fore® supported {gyro systems, also called Inerti* 4 * frames; 
however, no specific data on devices of this type are given. 


Chapter IX contains a brief discussion on a position &m, angitis* velocity 
recorder for three components as developed byTSAGI, also on integrating and 
differentiating gyroscopic devices; finally a 'gyro relay" am a ’Vector stab- 
ilizer" are mentioned of which the latter is used to do term! the ground 

speed. 


Chapters X up to XIV were taken from the first edition of the book with 
minor changes. The various component parts of gyroscopic devices stfch as 
rotors, bearings, supports, current transmission systems, ami arresting equip- 
ment are discussed in these chapters. 


The tables with rotor data taken from the first volume sre here* mainly 
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•Shis time smaller ball bearings have been considered in the ^apter on 
supports and the tables have been supplemented aocordingly^ The 
suits on the problem of friction in high-precision bal U . bea ^ s ® BW8g 

in Darmstadt) sere evaluated, naturally without inaicating too source. 

The new edition also contains a small and incomplete sketch for an air- 
supported or liquid-supported gyroscopic device. After a poor description «* 
onlv fourteen lines it says: "it should be pointed out that the type of sup- 
port under discussion can only be used with gyroscopes having £° '£££?, of 
freedom which remain stationary on the earth’s surface. Despite a numoer o 
advantages of the described type of support, ball bearings ®* “* y x 
aeronautical gyroscopic devices, because they have « longer life and 
operate better in systems subjected to' vibrations. 

. Contrary to the poor information on air supports, you find again, as in 

the fir^t edition, detailed information on various types of oscil.angsup- 
£rts Based on Information found in this booh it may be assumedwih a high 
degree of probability that thorough investigation has ween carried out in the 

„SSB in connection with on the value3 of friction obtained 

with various types of, bearings show that with oscillating supports they still 
cannot approach the values as obtained with prismatic supports. 

In the chapter on rotor bearings the Anschtietz gyroscope bearing is dis- 
cussed in detail . 

Much practical material was assembled during the research on greatly dif- 
ferent supporting devices. But also in this case preferably foreign designs 
were described. In a discussion on the support of the directional gyro by 
means of the earth’s magnetic field, it was noticed that in addition to the 
established methods with the aid of magnetic needles or the induction compass, 
a device was described which operates with an electron beam. ...is device, de- 
veloped by t. A. Gontscbarskiy, A. P. Moltschanov, and V. K. Svorykin, uti- 
lizes the deflection of the beam of electrons caused by the earth s magnetic 
field to generate a supporting current. 


of pneumatic support of the 
proof of the intensive work 
of the air pressure inside 
type of air conduit for the 
larger gyros which will make 


The information and pictures on the problem 
inside girabal rings for the directional gyro are 
being done in this field- Measurements are made 
the gyro housing to determine the most favorable 
support. An electric support is recommended for 
it easier to obtain greater supporting moments. 

The "Bulgakov Method” is used to determine the effect of supports with 
the gyro horizon. 

The two chapters on power transmissions and arresting devices have been 
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enlarged somewhat, but m eat of the description* discus* u«»4 b ua. 

Chapter XV untitled "How to Determine the Main Character is tic* oi 
scopic Devices” ia a now chapter. Alter a brio* description oi various de- 
vices (threw Carman designs ae well as the thr*n-cc»poj»©«t recorder developed 
byisAGI), examples arc giver oX calculations f .or all important gyroscopic do- 
vices and illustrated by mea ns oX n uaerical exaaples. it is poeslblo t.vxt tr.o> 
teachers in the USSR have experienced auen poor results with their tea Man** 
methods that by writing this type oX "cookbook ' they Uupe it way iaprov ». V>u 
can find here all formulas i:: you want to coapute "classic” gyrocoopi* C »v.:cw 
hut in all other cases the book does not help. The turning direc ted oy the 
author at the end of the chapter to the students that iney cannon ulwayt. iulbw 
this schedule to the letter probably will make the "cookbook engineers" 
helpless • 

Sumraar Izing, it may be said that this new edition ia very valuable, since 
plenty of material has been compiled in it. Unfortunately the important prac- 
tical sections have hardly been supplemented while it would have been a pleas- 
ure to gi^e up the insignificant theory. 

V . V. Rumyantsev, "The Stability of the Spiral Motion of a Rigid Body in 
a Liquid under Conditions Specified by S. A. Chaplygin”, Prikladnaya 
matematika i mekhanika [Applied Mathematics and Mechanics], Vol XIX, 
1955, pages 229-230. 

Chaplygin established the equations for the general motion of a rigid 
body in an infinitely expanded, ideal, incompressible liquid, and proved that 
in a special case four integrals of these equations can be estimated so that 
the problem can be reduced to a quadrature. Rumyantsev now indicates a 
special solution of the Chaplygin equations which corresponds to the case of 
a constant spiral motion of the body in the liquid/ The stability of this 
spiral motion may now be found by examining the disturbed motion. The author 
forms a Liapunov function from three special integrals according to the ex- 
ample of Chaplygin from which then the stability conditions may be derived ac- 
cording to the well known requirements of definability. In the special case 
of a nonprogressive motion they are changed into the well-known stability con- 
ditions for the case as examined by S. V* Kovalevskiy. 

P, V* Kharlamov, "An Integral Case of the Equations of Motion of the 
Heavy Rigid Body in a Liquid", Prikladnaya matematika i mekhanika 
[Applied Mathematics and Mechanics], Vol XIX, 1955, pages 231-233. 

In connection with the research done by S. A, Chaplygin, a new case is 
presented in which the equation of motion for a rigid body located in an in- 
finitely expanded ideal incompressible liquid can be integrated. In this 
particular case the center of gravity of the rigid" body does not Coincide with 
the center of gravity of the liquid mass displaced by it. Moreover, we are 
dealing here with a generalization of the well-known case of Lagrange, for 
which now a certain motion of propagation is allowed. The author succeeds in 
finding the solution of the angle of nutation and precession in the form of 
elliptic integrals. Then the author examines the stability of the motion 
found in this manner for a further simplified special case of this solution 
while determining a Liapunov function. The postulate of the definability of 
this function will give m the stability condi tion^ywe are looking for. 


END- 
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